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Abstract:  
The New England Orogen in eastern Australia is a curved orogenic belt, with the Texas 
orocline being the most prominent curvature. The majority of the Texas Orocline lies 
beneath Permian to Mesozoic sedimentary basins (Bowen and Surat basins), which inhibit 
primary observation of the three-dimensional geometry of the orocline and its possible 
tectonic origin. The Bowen and Surat basins have recently been the target of coal seam 
gas exploration and production. Coal seam permeability is primarily influenced by 
fracture/cleat interaction with in-situ stresses. Permeability distribution appears primarily 
influenced by first order crustal scale structuring regardless of whether structures intersect 
actual coal bearing basins or whether structures terminate below the producing basins. 
The apparent influence of crustal structures, stress and ultimately coal permeability 
highlight the need for studies on the crustal architecture and its influence on the in situ 
stresses within the overlying basins. Consequently this thesis presents geophysical and 
well data that constrain the geometry and evolution of the Texas Orocline under the 
sedimentary cover, and characterize in situ stresses in the overlying basins.  
2D seismic, aeromagnetic TMI and Bouguer Gravity are used to identify the depth 
to the New England “basement” and to locate significant faults intersecting it. These data 
are used to produce a structural interpretation of the curved New England Orogen below 
cover, as well as a tectonic model for its formation. Seismic interpretation reveals the 
presence of an early Permian sub-trough of the Bowen Basin, which lies approximately 
parallel to the curvature of the Texas orocline, suggesting that the inception of the oroclinal 
geometry was related to the formation of early Permian rift basins. The continuation of the 
Texas Orocline to the north is tracked by a characteristic association of serpentinite 
outcrops within fault zones and high gravity and magnetic anomalies. This relationship 
links two tectonic contacts (Peel Fault and Yarrol Fault) below cover, and shows the New 
England Orogen to be highly contorted between the Texas Orocline and the northern New 
England Orogen. These observations are incorporated into a tectonic model for the 
formation of the Texas Orocline, which attributes initial curvature of the Orocline to Early 
Permian extension, and later tightening of the orocline to Permian to Triassic transpression 
and compression events. 
The orientation and magnitude of in situ stresses with relation to basement 
structures are mapped across the Surat Basin using wireline log data. The stress state 
ii 
 
across the entire Surat Basin is observed as highly variable, with a mean E-W maximum 
horizontal stress orientation. Locally, stresses rotate from WNW-ESE over the Lachlan and 
Thomson Orogens on the western margin of the study area, to NW-SE over the New 
England Orogen on the eastern margin of the study area. This is in stark contrast to 
previous studies of the stress state in the Bowen Basin to the north, which exhibits a 
consistent NNE-SSW maximum horizontal stress orientation.  Differential tectonic stress is 
observed to increase with proximity to basement intersecting faults (Leichhardt-Burunga 
Fault System) and areas of uplifted basement. Additionally, Andersonian tectonic regimes 
are observed to change with depth from reverse, to strike-slip, to normal where 
sedimentary cover is thickest. This stress field complexity is attributed to complex 
boundary forces associated with Indo-Australian Plate collision being preferentially 
transmitted within basement lithology over basin lithology due to basement exhibiting a 
higher rigidity. Local structure is more influential than plate boundary forces on the in situ 
stress state of the study area due to its location within an “area of divergence” in the 
Australian stress field. The results of this thesis refine the Permian-Cretaceous history of 
eastern Australia, and the lasting impact that this history has had on economically 
significant sedimentary basins. 
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Chapter 1: Introduction 
 
1.1 Overview of the research problem 
The Texas Orocline, located in southeast Queensland and northeast New South Wales, is 
a large scale curvature in the New England Orogen (NEO) with a half wavelength of 
approximately 120 km (Figure 1.1). In outcrop it is composed of the Tamworth Belt and the 
Tablelands Complex, two Devonian-Carboniferous components of the NEO, which were 
formed in forearc basin and accretionary wedge environments, respectively. These two 
components are separated by the Peel Fault and Yarrol Fault (Figure 1.1), along which 
Palaeozoic serpentinites are exposed. Various models have been proposed for the 
formation of the Texas Orocline, usually involving plate scale transform faulting with a 
component of transpression and/or transtension (Korsch & Harrington 1987, Murray et al. 
1987, Korsch et al. 1990b, Offler & Foster 2008, Li et al. 2012). However structural 
analysis of outcrops within the interior of the Texas Orocline suggests that not all of the 
curvature observed can be attributed to later deformation, and consequently the NEO 
developed as a partially curved orogenic belt (Li et al. 2012). 
 
 Only approximately 40% of the Texas Orocline is visible in outcrop in southeast 
Queensland. The rest of the orocline lies below Permian to Mesozoic sedimentary basins, 
namely the Permian to Triassic Bowen Basin and the Jurassic to Mesozoic Surat and 
Clarence-Moreton basins (Figure 1.1)(Korsch et al. 1998, Korsch et al. 2009a). The 
overlying cover inhibits understanding of the structure of the Texas Orocline. Despite this 
the general fabric of the orocline can be determined from aeromagnetic TMI and Bouguer 
gravity images (Figure 1.2). 
 
The component of the Texas Orocline under cover also represents a significant 
break between the northern NEO and the southern NEO. In outcrop, the northern NEO is 
subdivided into three major components, which are arc related, forearc basin and 
accretionary complex (Figure 1.1). These tectonic elements trend approximately parallel to 
each other from north to south. Conversely, in the southern NEO, the arc related rocks are 
not represented in outcrop, and the accretionary complex rocks are thickened by the 
presence of the Texas Orocline and other oroclines (Figures 1.1, 1.2). The Surat and 
Clarence-Moreton basins obscure the link between the northern and southern NEO. How 
the northern and southern NEO connect below sedimentary cover is poorly understood, 
and the connection between the northern and southern components of the NEO,  
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particularly the relationship between the Peel and Yarrol fault systems, is key to 
understanding the tectonic development of eastern Australia from the Late Carboniferous 
to the Late Triassic. 
  
 Additionally, the overlying Permian to Mesozoic basins, particularly the Bowen 
Basin and the Surat Basin, represent a significant interest to coal seam gas exploration 
and production in southeast Queensland. Accordingly there is a heightened interest to 
understand the structural properties in these basins and the underlying “basement”. 
Knowledge of in situ stresses, in particular, is paramount for coal seam gas production in 
order to optimise borehole stability, understand coal permeability and optimise induced 
fracture stimulation programmes (Hubbert & Willis 1957, Zoback 2007). In the Surat and  
Figure 1.1 Map of 
eastern Australia, 
showing major 
tectonic units and 
faults within the New 
England Orogen and 
the overlying basins 
(modified from 
Wartenberg et al. 
(2003)). 
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Bowen basins, “basement” is defined by 
the NEO to the east, as well as the 
Lachlan and Thomson Orogens to the 
west (Figure 1.1). Subsurface structures 
within the NEO may influence the 
orientation and magnitude of in situ 
stresses in the overlying basins (Teufel 
1991, Aleksandrowski et al. 1992, Martin 
& Chandler 1993). Within eastern 
Australia, variations of stress have 
previously only been characterised for 
the northern Bowen Basin and the 
Sydney Basin (Hillis et al. 1999, Hillis & 
Reynolds 2003), whereas the stress 
characteristics of the Surat Basin are 
currently unknown. 
 
1.2 Aims of the thesis 
The aim of this thesis is to understand the nature of the Texas Orocline beneath Permo-
Triassic and Mesozoic rocks. This will; 
• elucidate the architecture of the Texas Orocline and other structural elements of the 
New England Orogen below sedimentary cover; 
• provide constraints on the timing of oroclinal bending; 
• help understanding how structural features within the New England Orogen 
influence the distribution of current in situ stresses in the overlying Bowen and 
Surat Basins. 
 
1.3 Thesis objectives 
The aims are achieved through the following objectives: 
• Identifying structural features within the “basement” and early Permian sedimentary 
rocks associated with the development of the Texas Orocline (Aim 1 and 2); 
• Identifying the orientation and magnitude of in situ stresses in the present day Surat 
and Bowen Basins (Aim 3). 
 
Figure 1.2 Total Magnetic Intensity (TMI) map of the 
southern New England Orogen, with oroclines 
noted. Map is from Milligan et al. (2010). Figure 
modified from Rosenbaum et al. (2012). 
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1.4 Methodology 
The following methodologies have been utilised to achieve the above objectives: 
• Multiple geophysical datasets have been used to identify basement features below 
sedimentary cover, including: 
o 2D seismic interpretation, which has been used to construct a depth model 
for the base of the sedimentary basins, and to identify major basement 
intersecting faults. 
o Aeromagnetic TMI and Bouguer gravity interpretation, which has been used 
in conjunction with seismic interpretation to identify basement intersecting 
faults. In addition, in conjunction with serpentinite outcrops, the aeromagnetic 
and gravity interpretation has been used to track the subsurface continuation 
of the Peel and Yarrol Faults. 
• Wireline log data have been used in order to constrain in situ stress orientation and 
magnitude for multiple wells across the Surat and Bowen Basins. Specifically: 
o Image log interpretation has been undertaken to identify borehole stress 
indicators, which constrain the orientation of the maximum and minimum 
horizontal stresses.  
o Variations in stress orientation have been analysed across the Surat Basin 
using Rayleigh statistical analysis.   
o Wireline sonic, density and gamma ray logs have been used to construct 
models of stress magnitude with depth using poroelastic equations and 
calibrated to incidences of borehole failure using frictional limit theory. 
 
1.5 Thesis structure 
The body of the thesis is presented as two papers. The first paper is presented in chapter 
2, and uses geophysical datasets in order to investigate the geometry and structures 
defining the link between the northern and southern NEO below Permian to Mesozoic 
cover. The paper presents the analysis of 2D seismic, which was used to create a depth to 
“basement” map, and to identify extensional faulting in the western part of the NEO. 
Bouguer gravity and aeromagnetic data are used in conjunction with the seismic analysis 
and outcrop data to track a serpentinite contact under cover, which is likely associated with 
the tectonic contact (Peel and Yarrol Faults) between forearc basin and accretionary 
complex units. The map scale curvature of this serpentinite is attributed to deformation 
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since the Carboniferous, while the extensional faulting in the western NEO is attributed to 
early Permian rifting. 
 
The second paper is presented in chapter 3 and identifies the influence of 
“basement” structures on the in situ stress conditions in the Bowen and Surat Basins using 
wireline log data. This paper presents the analysis of image log, dipole sonic, density and 
gamma ray log data in order to constrain the orientation and magnitude of the vertical, 
maximum horizontal and minimum horizontal stresses across defined subprovinces over 
the Surat Basin. The analysis highlights a rotation in maximum horizontal stress orientation 
near significant fault systems in the NEO, as well as a higher horizontal differential stress 
over areas where the depth to basement is lower. Seven constructed stress profiles also 
highlight the change in tectonic stress regime with depth in the areas where sediment 
thickness is highest, due to the diminishing effect of tectonic stresses with depth. Over the 
entire Surat Basin, variation in in situ stress orientation is high when compared to other 
basins in eastern Australia. It is concluded that the stress observations within the Surat 
Basin are the result of complex plate boundary interactions on the northern and eastern 
Indo-Australian plate at the regional scale, as well as local heterogeneities in mechanical 
properties on the local scale.  
 
Chapter 4 addresses how the tectonic history of eastern Australia, specifically the 
deformation of the NEO and the development of the Texas Orocline, is a significant 
influence on the current day in situ stress field in the Bowen Basin. Two events in 
particular have had lasting, yet indirect influence over the modern in situ stress field; Early 
Permian rifting associated with the development of the East Australian Rift System, and 
the Late Permian to Middle Triassic Hunter Bowen compressional deformation. Rifting in 
the Early Permian was responsible for the development of a series of basement 
intersecting extensional faults, which initiated the deposition of the Bowen Basin. The 
Taroom Trough, part of the Bowen Basin, now defines a stress subprovince in the 
overlying Surat Basin. Hunter-Bowen deformation was responsible for creating and/or 
inverting faults along the eastern margin of the Taroom Trough (Leichhardt-Burunga Fault 
System), and the stripping of Bowen Basin sediments to the east of the Leichhardt-
Burunga Fault System. It was also responsible for tightening the Taroom Trough and the 
development of a syncline along the axis of the trough. It is concluded that tectonic events 
which created a higher juxtaposition in mechanical properties over a smaller area have 
had a larger influence on the modern in situ stress field of the Surat Basin. 
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Chapter 5 briefly summarises the key findings of the previous chapters and posits 
further research questions that have arisen from this thesis. 
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Chapter 2: Structure of the Texas Orocline beneath the sedimentary 
cover (southeast Queensland, Australia) 
 
Abstract 
The New England Orogen in eastern Australia is characterised by orogenic-scale 
curvatures (oroclines). The largest and most prominent curvature in this system is the 
Texas Orocline, but its subsurface geometry is still poorly constrained. A large component 
of the orocline is covered by post-oroclinal sedimentary rocks, which obscure deeper 
sections of the orocline and make it difficult to understand how the structure is connected 
to other segments of the New England Orogen. Here we present geophysical data that 
elucidate the structure of the Texas Orocline below the sedimentary cover. Using 2D 
seismic, aeromagnetic total magnetic intensity (TMI) and Bouguer gravity datasets, in 
combination with outcrop and well data, we identified the depth to the New England 
“basement” and significant faults intersecting it. We also traced the strongly contorted 
subsurface continuation of the Peel-Yarrol Fault System, which is characterised by local 
gravity and magnetic anomalies associated with isolated serpentinite outcrops. Constraints 
on the timing of oroclinal bending were obtained from the interpretation of seismic 
transects, which showed that early Permian sedimentary rocks of the Bowen Basin were 
deposited in a sub-trough that deviates from the general north-south trend of the Bowen 
Basin. The sub-trough is oriented approximately parallel to the western limb of the Texas 
Orocline, thus suggesting that the orocline formed during and/or after early Permian rifting. 
Our analysis indicates that initial bending occurred contemporaneously with the 
development of the early Permian rift basins, most likely in the backarc region of a 
retreating subduction zone. Subsequently, phases of strike-slip and contractional 
deformation have further tightened the pre-existing curvatures. 
Keywords: 
Texas Orocline; New England Orogen; Bowen Basin, Surat Basin, Eastern Australia, 
Geophysics. 
 
2.1 Introduction 
The southern New England Orogen (NEO) in eastern Australia is characterised by tight 
orogenic-scale curvatures (oroclines), which include the Z-shaped Texas and Coffs 
Harbour oroclines in southeast Queensland and northeastern New South Wales (Korsch & 
Harrington 1987, Offler & Foster 2008, Cawood et al. 2011b, Glen & Roberts 2012, 
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Rosenbaum 2012) (Figure 2.1). The Texas Orocline is observed in: (1) the curvature of 
magnetic (Figure 2.2) and gravity (Figure 2.3) anomalies (Wellman 1990); (2) the 
curvature of structural and magnetic fabrics within Devonian-Carboniferous subduction-
related rocks (Figure 2.4b) (Lennox & Flood 1997, Aubourg et al. 2004, Li et al. 2012, 
Mochales et al. 2014); (3) the shape of early Permian (298-288 Ma) granitic bodies parallel 
to the limbs of the orocline (Figure 2.4b) (Cawood et al. 2011b, Rosenbaum et al. 2012); 
and (4) the repetition of Devonian-Carboniferous forearc basin rocks (Tamworth Belt and 
Emu Creek Block) and Palaeozoic serpentinites (Peel Fault and Baryulgil Serpentinite) on 
both limbs of the orocline (Figures 2.1, 2.4) (Korsch & Harrington 1987, Korsch et al. 
1990a, Wellman 1990, Hoy et al. 2014).  
 
A large portion of the Texas Orocline is covered by younger sedimentary basins of 
Permian to Mesozoic age, which obscure the three-dimensional geometry of the orocline 
and make it difficult to understand its extent and tectonic evolution. This younger 
sedimentary cover also divides the NEO into two segments (northern and southern NEO; 
Figure 2.1), but the nature of the link between these components is poorly understood. 
The sedimentary basins, which overlie the Texas Orocline in southeast Queensland, 
include Permian to Triassic rocks (~300–230 Ma) of the Bowen Basin and Mesozoic rocks 
of the Surat Basin (~199–100 Ma) and Clarence-Moreton Basin (~201–163 Ma) (Cook & 
Draper 2013, Donchak 2013, Draper 2013, Jell et al. 2013) (Figure 2.1). Based on 
relationships between the oroclinal structure and the timing of magmatism, it has been 
suggested that the orocline formed in the early-mid Permian (300-260 Ma) (Offler & Foster 
2008, Cawood et al. 2011a, Rosenbaum et al. 2012). This period partly overlaps with the 
timing of Bowen Basin development, but whether or not basin formation was genetically 
linked to the process of oroclinal bending is an open question. The younger Surat and 
Clarence-Moreton basins seem unrelated to the development of the Texas Orocline, but 
these basins cover approximately 60% of the inferred structure of the Texas Orocline. 
Consequently, understanding the structure of the Texas Orocline requires investigation of 
geophysical data that could reveal structures beneath the Mesozoic sedimentary cover. 
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Figure 2.1 a) Map of eastern Australia, showing major tectonic units and 
faults within the New England Orogen and the overlying basins (modified 
from Wartenberg et al. (2003)). b) Map extent of subsequent figures in 
Chapter 2. 
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Figure 2.2 Aeromagnetic image of southeast Queensland and northeastern New South Wales. 
Data are sun shaded with a 45° sun angle and 045° sun azimuth. The Texas Orocline is visible by 
the curvature of magnetic anomalies associated with the Peel Fault System. Other major fault 
systems are indicated by white dashed lines. The curvature of the structural fabric of the Texas 
and Coffs Harbour oroclines is highlighted by red and blue dashed lines, respectively. 
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Figure 2.3 Bouguer gravity image of southeastern Queensland and northeastern New South 
Wales. Data are sun shaded with a 45° sun angle and 045° sun azimuth. The Texas Orocline is 
visible by the curvature of gravity anomalies associated with the Peel Fault System. Other major 
fault systems are indicated by white dashed lines. The curvature of the structural fabric of the 
Texas and Coffs Harbour oroclines is highlighted by red and blue dashed lines, respectively. 
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Figure 2.4 a) Major structural provinces and faults in the study area. Serpentinite outcrops 
are: Mount Mia Serpentinite (Smm), Pine Mountain Serpentinite (Spm), and Mount Cross 
Igneous Complex Serpentinite (Smc). b) Regional outcrop geology of the Texas Orocline. 
Geological units are: Alice Creek beds (AC), Mount Barney beds (MB), Emu Creek Block 
(EC), Silver Spur Subprovince (SS), Ashford Basin (AB), Mount Cross Igneous Complex 
Serpentinite (Smc), Pine Mountain Serpentinite (Spm) and Baryulgil Serpentinite (Sb). 
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The aim of this paper is to investigate the structure of the Texas Orocline beneath 
the Permian to Mesozoic sedimentary cover, and to better constrain the timing and 
mechanisms of oroclinal bending. Using a combination of geophysical data (seismic, 
aeromagnetic and Bouguer gravity), and well and outcrop data, we identify major structural 
features within and beneath the sedimentary rocks of the Bowen, Surat and Clarence-
Moreton basins. Regional oil and gas exploration in these economically significant 
sedimentary basins has resulted in a substantial amount of seismic data, which 
complement deep seismic profiles acquired by the Bureau of Mineral Resources (now 
Geoscience Australia). Investigation of these data has previously been focused on the 
development of the Permian-Mesozoic sedimentary basins (Korsch et al. 1989, Totterdell 
et al. 1992, Korsch & Totterdell 1995b, c, a, Korsch et al. 1998, Korsch et al. 2009a, 
Korsch et al. 2009c, Waschbusch et al. 2009), with relatively little focus on the underlying 
rocks of the NEO. Notable exceptions are the work of Wartenberg et al. (2003) and 
Wartenberg (2005), who used geophysical data to investigate the structure of Devonian-
Carboniferous forearc basin rocks of the NEO under the sedimentary cover, Wellman 
(1990), who investigated gravity and aeromagnetic anomalies over the NEO, and the deep 
seismic investigation of the NEO by Finlayson et al. (1990) and Korsch et al. (1997). Here, 
we present additional and updated geophysical data and cross-sections that identify major 
structures within the Texas Orocline, and the distribution of tectonic units within the NEO 
below the sedimentary cover. 
 
2.2 Geological setting 
The NEO is the easternmost and youngest component of the Tasmanides (Glen 2005), 
and its formation was mainly associated with supra-subduction processes from the 
Devonian to Triassic (Leitch 1975, Murray et al. 1987). The majority of the exposed rocks 
belong to a Devonian-Carboniferous subduction system, and include, from west to east, 
arc-related, forearc basin and accretionary complex rocks. The volcanic arc is exposed 
predominantly in the northern NEO (Connors-Auburn Arc; Figure 2.1), and the forearc 
basin is represented in the northern and southern NEO by the Yarrol and Tamworth belts, 
respectively. The link between the Yarrol and Tamworth segments of the forearc basin is 
unclear owing to the overlying sedimentary cover. However, isolated outcrops of 
supposedly Devonian-Carboniferous forearc basin rocks are found on the margins of, or 
within, the sedimentary cover, including the Alice Creek beds (Cranfield et al. 2001), the 
Mount Barney beds (Maxwell 1960) and the Emu Creek Block (Hoy et al. 2014) (Figure 
2.4).  
14 
 
 
 The Devonian-Carboniferous accretionary complex (Tablelands Complex; Figure 
2.1) mainly consists of deformed low-grade metasedimentary rocks, but also contains 
metamorphosed basalts and higher-grade (amphibolite-facies) metamorphic rocks (Leitch 
1974). In the area of the Texas Orocline, the exposed accretionary complex rocks are 
represented by the Texas beds, whereas northeast of the Surat and Clarence-Moreton 
basins, it is represented by the Yarraman, North D’Aguilar, South D’Aguilar and Beenleigh 
subprovinces of the Wandilla Province (Leitch 1974, 1975, Fergusson et al. 1990) (Figure 
2.4a). 
  
 The boundary between the accretionary complex and the forearc basin is 
considered to be a tectonic contact, which is represented in the southern and northern 
NEO by the Peel and Yarrol fault systems, respectively (Figures 2.1, 2.4). Along these 
fault systems, Palaeozoic serpentinites are exposed (e.g. Baryulgil Serpentinite, Mount 
Cross Igneous Complex Serpentinite, Pine Mountain Serpentinite; Figure 2.4). Collectively, 
these serpentinites are assumed to trace a major tectonic contact referred to as the Peel-
Yarrol Fault System (PYFS). Serpentinites also occur in association with late 
Carboniferous extensional faulting within the North D’Aguilar Subprovince (Mount Mia 
serpentinite; Figure 2.4) (Little et al. 1992, Cranfield et al. 2001). 
 
 Overlying the Devonian-Carboniferous subduction-related rocks are early Permian 
sedimentary rocks, which were interpreted to have been deposited in an extensional rift 
system (Holcombe et al. 1997b, Korsch et al. 2009a). These basins extend from latitude 
18˚S to latitude 34˚S along the eastern Australian margin, and include the Bowen Basin 
and Denison Trough in Queensland, and the Gunnedah and Sydney basins in New South 
Wales (Figure 2.1). The Cressbrook Basin, which underlies the Esk Basin, is also 
considered to be a Permian half graben with an eastern bounding fault system (Campbell 
2005, Jell & Donchak 2013). A series of remnant early Permian basin rocks, known 
collectively as the Silver Spur Subprovince in southern Queensland  (Donchak et al. 2007), 
and the Ashford Basin in northern New South Wales (Lucas 1960, Scheibner & Basden 
1998) also overlie the Texas beds (Figure 2.4b). These lower Permian successions occur 
in a number of exposures approximately parallel to the structural grain of the Texas 
Orocline (Figure 2.4b) (Li et al. 2012). Paleogeographic maps presented by Fielding et al. 
(2000) suggest that Bowen Basin deposition during the late Permian may have extended 
as far east as the present-day coastline, indicating that the Bowen Basin, Cressbrook 
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Basin, and basin units overlying the Texas beds may have been part of a single basin 
system during that time. Other lower Permian rocks in the area of the Texas Orocline are 
predominantly S-type granitoids, which are exposed parallel to the orocline (Figure 2.4b) 
and dated 298-288 Ma (Donchak et al. 2007, Cawood et al. 2011a, Rosenbaum et al. 
2012). 
 
 Rocks in the NEO, including the lower Permian rift-related sedimentary rocks, were 
subjected to multiple episodes of contractional deformation from ~265 Ma to ~230 Ma 
during the so-called Hunter-Bowen Orogeny (Holcombe et al. 1997b, Korsch et al. 2009c). 
The last significant episode of Hunter-Bowen contractional deformation (referred to as the 
Goondiwindi Event by Korsch et al. (1998, 2009c)) occurred in the Middle-Late Triassic 
and was responsible for the activation and reactivation of a series of reverse faults at the 
western margin of the NEO. These faults juxtapose Permian sedimentary rocks against 
forearc basin rocks of the Tamworth Belt (Hunter-Mooki Fault, Goondiwindi Fault) and 
volcanic rocks of the Auburn Arc (Leichhardt-Burunga Fault System (LBFS)) (Figures 2.1, 
2.4b). In the area of the Texas Orocline, the approximately N-S Goondiwindi Fault is the 
southern continuation of the Tingan Fault and Moonie Fault, which have been identified in 
seismic lines under the sedimentary cover (Figure 2.4b) (Korsch & Totterdell 1995a). 
These faults are associated with a high magnetic anomaly (Figure 2.2), which has been 
interpreted as the northward continuation of the Mooki Fault in New South Wales 
(Wartenberg, (2005) (Figure 2.1) owing to the presence of an intermediate intrusion along 
the fault plane (Ramsay and Stanley, (1976). In this paper, this fault system is referred to 
as the Goondiwindi-Moonie Fault System (GMFS). Activity on these faults supposedly 
occurred during two major periods of contractional deformation in the Middle-Late Triassic 
(Goondiwindi Event) and the early Late Cretaceous (Moonie Event) (Korsch et al. 1998, 
Korsch et al. 2009a, Korsch et al. 2009c). Farther east, major faults striking approximately 
north-south include the dextral-reverse Demon Fault (Babaahmadi & Rosenbaum 2013) 
and the sinistral West Ipswich Fault (Korsch et al. 1989, Cranfield et al. 2001, Babaahmadi 
et al. 2015), which marks the eastern limb of the Coffs Harbour Orocline, and the eastern 
margin of the Permian Cressbrook Basin and Triassic Esk Basin (Figure 2.4). 
 
The youngest sedimentary rocks in the area of the Texas Orocline are Mesozoic 
rocks belonging to the Esk Basin (Triassic), Ipswich Basin (Triassic-Jurassic), Clarence-
Moreton Basin (Mesozoic) and Surat Basin (Jurassic-Cretaceous) (Figures 2.1, 2.4) 
(Green et al. 1997, Cranfield et al. 2001). These rocks unconformably overlie the earlier 
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strata and are generally undeformed, except where intersected by a number of strike-slip 
and reverse faults (e.g. Moonie Fault) that were reactivated during Late Cretaceous and 
Cenozoic deformation phases (Wartenberg et al. 2003, Babaahmadi & Rosenbaum 2013, 
2014b, a). 
 
2.3 Methodology 
Seismic data used in this study are 2D reflection lines acquired by Origin Energy, or 
provided through the Queensland Department of Natural Resources and Mines (QDNRM) 
and Geoscience Australia. Over 300 shallow (< 4 s two-way-time (TWT)) and four deep (< 
20 s TWT) seismic lines were used (Figure 2.5a). Seismic data were interpreted using 
Schlumberger’s Geoframe software suite, with all data being collated in Petrosys for 
processing, gridding and visualisation. Prior to interpretation, all interpreted seismic lines 
were tied to a seismic reference datum of 244 m above sea-level, thus zero two way travel 
time was 244 m. 
 
The target reflectors for seismic interpretation were those representing the transition 
from the early Permian Bowen Basin to the Devonian-Carboniferous basement (the B15 or 
B30 horizon, depending on location (Totterdell et al. 1992)), and the base of the Surat 
Basin (the S10 horizon (Totterdell et al. 1992)) (Figure 2.6). A time-depth relationship was 
derived from log data for 26 wells in order to tie the relevant seismic reflectors to formation 
tops. The location of these wells is shown in Figure 2.5a, and the names and locations of 
these wells are provided in Table 1. The synthetic seismogram and the seismic data for 
the S10 horizon show a good character match, whereas the match for the B15 or B30 
horizon is more ambiguous (Figure 2.6). This is most likely a result of poorer seismic data 
quality at this depth, coupled with fewer well intersections (only eight of the 26 wells 
intersected B15 or B30). The transition to basement is also noticeable as a change in the 
character of seismic reflectors; the sedimentary basins (above the S10/B15/B30) generally 
show multiple continuous parallel reflectors, whereas the basement displays a 
discontinuous, dappled, low amplitude seismic fabric (Figure 2.6).
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Figure 2.5 a) Location of seismic lines, wells used for time-depth conversion and lines used to tie 
the depth grid to outcrop (depth grid tie lines) within the study area. b) Location of basement 
intersecting wells and the intersected basement formation according to the well completion reports. 
These wells overlie the basement interpretation according to core analysis conducted by Murray 
(1997). 
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Easting Northing Latitude Longitude
ALICK CREEK 1 255787 6976424 -27.3135278 150.5321111 338.4 2810.0 Kuttung Formation
BENNETT NORTH 1 223626 6989167 -27.1925 150.2102778 285.9 1709.9 Undifferentiated Permian
BURUNGA 1 207661 7121224 -25.99842 150.079701 332.7 3121.8 Cracow Formation
BURUNGA 2A 207889 7120821 -26.0020955 150.0818913 318.2 3418.4 Kuttung Formation
BURUNGA SOUTH 1 211781 7104938 -26.1461111 150.1172222 321.6 2598.1 Back Creek Formation
COBBAREENA 1 230636 7000593 -27.0908472 150.2834639 336.2 1575.8 Undifferentiated Permian
COLUMBOOLA 1 227427 7039920 -26.7355556 150.2597222 307.5 1196.3 Back Creek Formation
COMBABULA 1 151576 7092637 -26.2436792 149.512552 338.6 788.0 Hutton Sandstone
CONDAMINE 1 231918 7007060 -27.0327778 150.2977778 323.7 1528.6 Undifferentiated Permian
DEVONDALE 1 259799 7016769 -26.9503133 150.580484 330.2 1131.0 Undifferentiated Basement
JAKE 1 246873 6992068 -27.1708111 150.4453361 359.8 1157.0 Eurombah Formation
JENAVALE 1 109597 7088696 -26.268373 149.091933 403.8 967.7 Undifferentiated Basement
JORDAN 14 269809 6993580 -27.1611889 150.6769306 344.7 790.1 Eurombah Formation
LAUREN 3 238257 7015612 -26.956855 150.363425 313.5 713.0 Eurombah Formation
LAUREN 44 243125 7016620 -26.9486754 150.4126281 306.3 725.0 Eurombah Formation
LAWSON 1 243878 6998133 -27.1155556 150.4163889 335.9 1649.9 Undifferentiated Permian
MACKIE 1 237950 7017896 -26.9361949 150.3608164 323.4 1209.8 Undifferentiated Permian
MILES 1 219238 7045292 -26.6855 150.1786667 302.0 1257.0 Undifferentiated Permian
MILES CREEK 1 234710 7009337 -27.0127778 150.3263889 319.7 1337.8 Undifferentiated Permian
MUGGLETON 1 131181 7074269 -26.4040924 149.3034936 401.9 2423.8 Undifferentiated Basement
PARINGA 1 216942 6856446 -28.3877778 150.1113889 207.3 2083.6 Undifferentiated Basement
ROGERS 1 221731 6996302 -27.1277778 150.1927778 286.8 1647.7 Undifferentiated Permian
SOUTHEAST TEATREE 1 271562 6996515 -27.1350072 150.6951564 370.7 509.0 Walloon Coal Measures
TEATREE 1 271574 6996516 -27.135 150.6952778 356.8 1302.0 Undifferentiated Permian
UNDULLA 1 229410 6985383 -27.2277778 150.2677778 291.4 2697.2 Kuttung Formation
WYGI CREEK 2 179586 7050441 -26.6306072 149.7819878 337.5 1337.5 Eurombah Formation
Well KB elevation (m asl) Total Depth (m KB) Formation at Total Depth
Location Data
 
Table 2.1 List of wells used for depth conversion. Location data are for GDA94 geodetic datum, UTM 
Zone 56J map projection. The table indicates the elevation of the Kelly Bushing (KB) in metres above 
sea-level and the total depth in metres below KB. 
Figure 2.6 Seismic line 
A82LT-30 and its 
intersection with the 
Alick Creek 1 exploration 
well. Alick Creek 1 was 
one of the wells used to 
tie formation tops to 
seismic reflectors. In this 
case the base of the 
Surat Basin, marked by 
the S10 reflector, was 
tied to the base of the 
Precipice Formation in 
Alick Creek 1. Similarly, 
the interface between the 
base of the Bowen Basin 
and the top of the New 
England Orogen, marked 
by the B30 reflector, was 
tied to the top of the 
Kuttung Formation in 
Alick Creek 1. The 
Gamma ray log for Alick 
Creek 1 is plotted in dark 
green alongside the well 
trajectory. 
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Using well completion reports provided by Origin Energy and QDNRM, we identified 
112 wells that intersected the rocks of the NEO (Figure 2.5b). These wells were identified 
based on formation tops and lithological cuttings descriptions provided within the well 
completion reports. We selected wells that intersected lower Permian or older units 
(indicated in the reports as, e.g., Kuttung Formation, Camboon Volcanics, Combarngo 
Volcanics, Cracow Formation, Buaraba Mudstone, and undifferentiated “basement”). 
Although the well completion reports include lithological descriptions, they are generally 
unreliable for the purpose of determining units of the NEO. For example, the name 
“Kuttung Formation” has been applied to units of both the Auburn Arc and Tamworth Belt 
(Murray, (1997). Nevertheless the well reports were useful for (1) determining the depth to 
basement, (2) interpreting horizons, (3) deriving a time-depth relationship and (4) 
correcting the final depth grid. The full list of wells is provided in Appendix A.  
 
Time-depth conversion of interpreted target horizons was conducted using the 
method outlined by Etris et al. (2001). This method, however, has a problem with circular 
validation. Since the source of the time-depth conversion is checkshot data from wells, the 
resulting depth model likely results in a precise fit at these wells. This is not necessarily an 
indication of depth conversion model accuracy. A poorly calibrated checkshot and/or an 
incorrectly picked horizon on the seismic data would still result in a close fit between model 
and well data after time-depth conversion (Etris et al. 2001). The confidence in the output 
depth model significantly decreases away from the wells. For the purpose of this study, the 
direct time-depth conversion method was deemed sufficient, owing to the lack of well 
control available for a more comprehensive velocity model. Given that the primary aim of 
the study is to investigate structural features rather than creating an accurate depth model, 
the authors regard this choice of time-depth conversion as satisfactory. 
 
The direct time-depth conversion method was applied to the 26 wells used for 
seismic interpretation. These wells were selected based on the depth range of sonic data 
and proximity to the Texas Orocline. Wells with sonic data encompassing both the Surat 
Basin and underlying Bowen Basin were preferred. A translation function was then derived 
using checkshot data (Figure 2.7). After the depth conversion was applied, the resulting 
depth grid was corrected to the basement depths identified in all 112 wells. Additionally, 
the margin of the depth grid was tied to the edges of the Surat, Clarence-Moreton, 
Cressbrook and Ipswich basins. These edges were identified in outcrop from regional 
1:500 000 scale geology maps provided by the QDNRM Interactive Resource and Tenure 
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Maps application (depth grid tie lines, Figure 2.5a). Elevation data were acquired for these 
lines using a regional digital elevation model. The surface exposure of NEO rocks at 
Mount Barney (Figure 2.4b) was not used as a control point for the depth map, since the 
Mount Barney beds were likely uplifted by local Cenozoic volcanism (Vasconcelos et al. 
2008). This means that the depth to the NEO is likely shallower in the Mount Barney area 
than suggested by the depth map. This discrepancy can be corrected with seismic, well or 
outcrop depth control near the Mount Barney area. 
 
 
Aeromagnetic and gravity datasets were used to identify structural features within 
the NEO where surface outcrop data are unavailable. Anomalies were interpreted within 
these data as numbered “lineaments” (L1, L2, etc.) based on continuous characteristics or 
fabrics observed. While the term “lineament” is commonly attributed to straight features, in 
this paper we use the term to refer to both straight and curved linear features. Lineaments 
that show a lateral offset were labelled with a prime symbol (L’1, L’2, etc.). The 
interpretation of lineaments was based on both magnetic and gravity highs and lows, and 
the criteria for each lineament is described in the results section. All lineaments were 
extrapolated from serpentinite outcrops or subsurface features observable in seismic data. 
Aeromagnetic TMI data (Figure 2.2), with a grid cell size of approximately 1 km, are based 
on the Magnetic Anomaly Map of Australia (Petkovic & Milligan 2002, Milligan et al. 2010). 
The Bouguer gravity anomaly data (Figure 2.3), with a grid resolution of approximately 800 
m, are from Geoscience Australia (Wynne 2009). Metadata for the aeromagnetic and 
Bouguer gravity datasets are included in Appendix B. Surface structural data were 
Figure 2.7 Time-depth relationships 
derived from calibrated checkshots for 
the 26 wells displayed in Figure 2.5a 
(grey lines) and the derived average 
time-depth relationship from all 26 
synthetic checkshots (black line). The 
spread of two-way-time (TWT) values 
increases with depth, (approximately 
72 ms TWT at 200 m to 170 ms TWT at 
1600m), which implies that the 
precision of the derived formula 
decreases with depth. The average 
checkshot follows the formula: Depth 
(msd) = [3.154 × 10-4 (TWT2)] + [1.24 × 
TWT] where msd is the depth in 
metres from the seismic datum (244 m 
above sea-level) and TWT is in ms. 
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compared with regional magnetic and gravity surveys, and serpentinite outcrops were 
identified in local 1:100 000 scale geology maps, using the QDNRM’s Interactive Resource 
and Tenure Maps application. 
 
2.4 Subsurface structural analysis 
2.4.1 Seismic interpretation 
Seismic interpretation was undertaken to identify the transition between the NEO and the 
overlying basins, and to observe major structures that intersect this transition. The depth 
map for the top NEO horizon is shown in Figure 2.8. West of the Texas Orocline, the map 
represents the base of the Permian Bowen Basin, whereas north and east of the orocline it 
shows the base of Permian to Mesozoic basins (Surat Basin in the north and Clarence-
Moreton Basin, Ipswich Basin and Esk Trough/Cressbrook Basin in the east). The map 
shows a number of major discontinuities, which are interpreted as faults demarcating the 
western edge of the Texas Orocline (GMFS).  
 
An interesting observation in Figure 2.8 is the recognition of a sub-trough within the 
Bowen Basin east of the LBFS (Figures 2.8, 2.9b). We interpret the northern extent of this 
sub-trough based on the recognition of magnetic lineaments. Previous authors have 
already noted that Bowen Basin rocks and thrust faults may occur in the area north of the 
Moonie Fault and east of the Leichhardt fault (Elliott 1989, 1993, Korsch et al. 2009c), but 
our analysis of geophysical data suggest that this sub-trough extends farther to the 
northeast than previous interpretations (Figure 2.5b). Two fault systems intersecting the 
NEO are interpreted along the margins of this sub-trough; extensional faults are present to 
the west of the sub-trough (Figure 2.9b, ICK-97-7, PR81-2), and a reverse fault 
demarcates the eastern margin of the sub-trough (Figure 2.9b, PW85-6). The reverse 
faults are interpreted as the northern continuation of the GMFS. The general orientation of 
this lower Permian sub-trough is roughly parallel to the western limb of the Texas Orocline 
as defined by the GMFS. Evidence for extensional faulting is expressed by a series of 
rotated high-angle faults striking approximately N-S (Figure 2.9b, ICK97-7, PR81-2). The 
seismic signature above the blocks suggests that Bowen Basin sedimentary rocks in this 
area are a syn-rift package. However, no tighter age constraint is available.  
 
Data coverage on the eastern limb of the Texas Orocline is sparse, with only four 
wells and two seismic lines available (Figure 2.5). One major basement-intersecting fault, 
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corresponding to the West Ipswich Fault, was interpreted on transect BMR84-16 (Figure 
2.9c; see also Korsch et al (1989)). This fault shows complex geometry, with evidence of 
both extension and shortening in the seismic section. Owing to low data density, the grid 
was cut off at the Queensland-New South Wales state border and at the southern margin 
of the Esk/Clarence-Moreton basins. 
  
Figure 2.8 Depth map of the base of sedimentary cover/top of “basement” over 
the Texas Orocline in metres sub seismic datum (ssd) where seismic datum = 
244 m above sea-level. The Leichhardt-Burunga and Goondiwindi-Moonie fault 
systems are associated with significant changes in depth to basement. The 
eastern margin of the Bowen Basin below cover is apparent as the change in 
depth gradient to the east of the fault systems. 
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Figure 2.9 a) Location map of seismic transects. b) Seismic transect across the western limb of the 
Texas Orocline, displaying evidence of pre-Mesozoic reverse and extensional faulting. L1, L2 and L3 
show locations where the respective interpreted lineaments (Figures 2.10, 2.11, 2.12) intersect the 
seismic transect. c) Seismic transect across the eastern limb of the Texas Orocline, displaying 
evidence of reverse, extensional and potentially strike-slip faulting. Colours indicate: Mesozoic 
basins (green), Permian-Triassic basins (blue), and Devonian-Carboniferous NEO rocks (red). Normal 
and reverse faults are indicated by blue and red lines, respectively. The West Ipswich Fault is marked 
by a green line.  
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2.4.2 Gravity and magnetic interpretation 
Based on the gravity and aeromagnetic data, a number of anomalies were identified, 
corresponding to regional structural features in the NEO. Figure 2.10 shows a continuous 
magnetic high on the western limb of the Texas Orocline, which corresponds to the GMFS.  
Figure 2.10 TMI anomaly image with indications of major faults, seismic lines and interpreted 
lineaments which predict the location of features intersecting basement, including fault systems. 
Data are sun shaded with a 45° sun angle and 045° sun azimuth. Serpentinite outcrops are; Mount 
Mia Serpentinite (Smm), Pine Mountain Serpentinite (Spm), Mount Cross Igneous Complex 
Serpentinite (Smc), Baryulgil Serpentinite (Sb). Point X marks the convergence point at which 
lineaments L2 and L3 are truncated by L4. 
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The LBFS is delineated in both gravity and aeromagnetic data. In the aeromagnetic 
data, the fault system is defined by the juxtaposition of relatively large wavelength/low 
magnitude anomalies to the west against small wavelength/higher frequency anomalies to 
the east (Figures 2.10, 2.11). Similarly, the gravity data display a gradual increase in 
magnitude east of the fault system (Figure 2.12). Seismic interpretation suggests that the 
magnetic and gravity fabrics east of the fault system are associated with a relatively 
Figure 2.11 TMI anomaly 
image with indications of 
major faults, seismic lines 
and interpreted lineaments 
which predict the location of 
features intersecting 
basement, including fault 
systems. Data are sun 
shaded with a 45° sun angle 
and 015° sun azimuth. Point 
X marks the convergence 
point at which lineaments L2 
and L3 are truncated by L4. 
Figure extent is displayed in 
Figure 2.10. 
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shallow occurrence of the Auburn Arc east of the LBFS (Figure 2.8). In particular, the 
higher frequency magnetic anomalies seem to correspond to areas where the Auburn Arc 
directly underlies the Surat Basin, i.e., where no Permian-Triassic section is present at 
depth (Figures 2.8, 2.10, 2.11). East of the LBFS, a magnetic low anomaly trends 
approximately N-S, sub-parallel to the fault system (Figures 2.10, 2.11, L1). Although this 
anomaly does not extend south to intersect seismic data, this lineament exhibits a similar 
strike to the extensional faults observed in seismic line ICK97-7 and other nearby lines 
(Figure 2.9b). Consequently, assuming that the extensional fault system observed in 
seismic profiles continues within the Auburn Arc below the Surat Basin, it is possible that 
L1 represents the northern continuation of this fault system. 
 
East of lineament L1, two roughly linear aeromagnetic high anomalies (L2 and L3) 
follow approximately the same strike trend of the northern GMFS anomaly and then 
converge (point X in Figures 2.10, 2.11, 2.12). L3 consists of more disjointed segments 
than those observed in L2. Where they intersect seismic data, L2 and L3 correspond, 
respectively, to the western and eastern margins of the Bowen Basin sub-trough (Figures 
2.8, 2.9b, 2.10, 2.11). Therefore, these lineaments are interpreted as the northern 
continuation of the Bowen sub-trough, with L2 representing the northern continuation of 
the Bowen Basin subcrop below the Surat Basin, and L3 representing the northern 
continuation of west verging thrust faults. L’1 and L’2 are identified by offsetting L2 and L3 
sinistrally. These L’ lineaments strike NW-SE, parallel to a discontinuous series of 
magnetic highs, and indicate a later phase of deformation (Figures 2.10, 2.11).  
 
Aeromagnetic data from the eastern limb of the Texas Orocline show evidence of 
sinistral strike-slip faulting. Lineament L’3 is interpreted based on a change in magnetic 
fabric from west to east, with a low-frequency and low magnitude magnetic fabric west of 
L’3, and a series of high frequency curved magnetic anomalies east of L’3. The latter 
deviate or terminate against L’3. Consequently, L’3 is interpreted as a fault that crosscuts 
major magnetic anomalies (Figure 2.10). This lineament intersects with seismic line 
BMR84-16 and corresponds to the West Ipswich Fault (Figures 2.9c, 2.10, 2.12), which is 
expressed in both seismic data, and in outcrop farther to the north. L’3 also appears to 
offset lineaments associated with the presence of serpentinite in outcrop (L4 to L6).   
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Figure 2.12 Bouguer gravity anomaly image with indications of major faults, seismic lines and 
interpreted lineaments which predict the features intersecting basement, including fault systems. 
Data are sun shaded with a 45° sun angle and 045° sun azimuth. Serpentinite outcrops are; Mount 
Mia Serpentinite (Smm), Pine Mountain Serpentinite (Spm), Mount Cross Igneous Complex 
Serpentinite (Smc), Baryulgil Serpentinite (Sb). Point X marks the convergence point at which 
lineaments L2 and L3 are truncated by L4. 
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Significant magnetic and gravity anomalies are associated with the serpentinites of 
the PYFS. Surface exposures of these serpentinites are shown in Figures 2.4, 2.10 and 
2.12. These serpentinite outcrops are associated with local gravity and magnetic 
anomalies, which can be used to interpolate the location of serpentinite between their 
surface expressions. The following lineaments (L4 to L8) are extrapolated from magnetic 
and gravity anomalies in the proximity of serpentinite outcrops. 
 
 Lineament L4 (Figures 2.10, 2.12) is extrapolated from a continuous and linear 
magnetic high present below the Mount Cross Igneous Complex serpentinite (Smc). To 
the west of the Smc outcrop, L4 follows a continuous linear magnetic high, which becomes 
more discontinuous farther west. The lineament appears to truncate L2 and L3 at point X, 
where magnetic anomalies radiate out in a fan from SW to SE of point X (Figure 2.10). 
Additionally, L4 may continue to the NNW of this point (Figures 2.10 and 2.12). Although 
not as obvious, L4 also corresponds with a wide gravity anomaly, which separates the 
lower gravity Yarraman Subprovince from higher gravity rocks to the south (Figures 2.4, 
2.10, 2.12). The Smc serpentinite outcrop separates the Alice Creek beds from the 
Yarraman Subprovince. To the east of the Mount Cross serpentinite, the lineament is not 
clearly defined in either magnetic or gravity data, however structural fabric from outcrop in 
the Yarraman Subprovince (Figure 2.4b) (Cranfield et al. 2001) indicates that the 
lineament deviates to the north, potentially meeting lineament L’3, which appears to be 
related to an overprinted phase of strike-slip faulting.  
 
East of L’3, a high magnetic anomaly (L5) trends approximately NNW-SSE, 
intersecting with the Pine Mountain Serpentinite (Spm), and trending sub parallel to L’3. L6 
is the southern continuation of L5 and follows a clear magnetic high. South of this 
lineament, Triassic volcanic and intrusive rocks (Figure 2.4b) dominate the magnetic and 
gravity responses, and an obvious lineament is absent. Both L5 and L6 are not 
represented by clear gravity anomalies. However, these two lineaments are associated 
with a transition from a higher to lower Bouguer gravity response from east to west, 
potentially owing to the presence of shallower basement to the east of the West Ipswich 
Fault (Figure 2.9c). If we assume that L4, L5 and L6 were originally a continuous feature 
associated with the PYFS, owing to the presence of serpentinite along these lineaments, 
the curvature of L4 into L’3, and the sinistral offset of L5 from L4, would suggest a net 
sinistral offset along L’3. 
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L7 intersects the Baryulgil Serpentinite (Figures 2.10, 2.12) on the western limb of 
the Coffs Harbour Orocline. East of the serpentinite outcrop, L7 has been traced around 
the edge of a magnetic high anomaly, which curves with the Coffs Harbour Orocline. This 
curvature occurs in the gravity data as a slight gravity high to the south of L7. The 
continuation of L7 to the west of the Baryulgil Serpentinite is more complicated, and two 
possible interpretations have been made. L7a deviates away from the Baryulgil 
Serpentinite to the NW along a magnetic high, which is dextrally offset by the Demon 
Fault. The magnetic anomaly could be associated with the sub-surface continuation of the 
Baryulgil Serpentinite or with Permian-Triassic intrusive rocks (Figure 2.4b). Alternatively, 
L7b continues to the north along strike of the Baryulgil Serpentinite linking a series of 
slightly disconnected magnetic highs. This interpretation follows a more gentle curvature of 
the eastern limb of the Texas Orocline. Both L7a and L7b are observable in the Bouguer 
gravity data as a locally steep gradient, with higher gravity anomaly magnitudes 
observable to the east of both lineaments (Figure 2.12). No clear magnetic or gravity highs 
are observed around the remainder of the western limb of the Texas Orocline. However, 
on the eastern limb of the orocline, L8 is expressed as a series of narrow linear high 
magnetic anomalies and a much larger wavelength but continuous high gravity anomaly. 
L8 follows the curvature of the western limb of the Texas Orocline, and continues south 
into northern New South Wales where it links with outcrop of the Peel Fault System. This 
lineament has previously been interpreted as the northern continuation of the Peel Fault 
under cover (Wellman 1990). 
 
2.5 Discussion 
Based on the structural analysis presented in this paper, three novel features are 
identified: (1) extensional faulting over the Auburn Arc, (2) the presence and extent of the 
Bowen Basin “sub-trough, and (3) the likely sub-surface distribution of the PYFS in the 
area of the Texas and Coffs-Harbour oroclines. These findings provide additional 
information on the timing of oroclinal development, and the subsurface geometry of the 
Devonian to Carboniferous units of the NEO. 
 
2.5.1 Relationship between early Permian basin formation and the Texas Orocline 
Our results show evidence for deformation in Permian to Mesozoic sedimentary rocks and 
the underlying rocks of the NEO. Fault kinematics shows evidence for extension (Figure 
2.9b ICK97-7), reverse faulting (Figure 2.9b 80-H39, PW85-6), and strike-slip faulting 
30 
 
(West Ipswich and Demon faults; Figures 2.10, 2.11, 2.12). Importantly, the spatial 
distribution of lower Permian sedimentary basins in southeast Queensland and northeast 
New South Wales suggests a link between the development of the Texas Orocline and 
basin formation (Figure 2.13a). 
 
Figure 2.13 Distribution of 
Permian basin deposits both 
in outcrop and below the 
Mesozoic cover, showing 
their apparent curvature 
around the axial plane of the 
Texas Orocline. b) 
Distribution of forearc basin 
deposits in outcrop and 
below the Permian to 
Mesozoic cover with 
serpentinite outcrops 
overlain. Point X marks the 
convergence point at which 
lineaments L2 and L3 are 
truncated by L4 in figures 
2.10, 2.11 and 2.12, and also 
the interpreted northernmost 
extent of the Tamworth Belt 
below cover. Abbreviations 
are: Bowen Basin (BB), 
Bowen Basin sub-trough 
(ST), Cressbrook Basin (CB), 
Gympie Province (GP), 
Silver Spur Subprovince 
(SS), Ashford Basin (AB), 
Yarrol Province (YP), Alice 
Creek beds (AC), Mount 
Barney beds (MB), Emu 
Creek Block (EC), Mount Mia 
Serpentinite (Smm). 
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Extensional faulting has been documented in previous seismic studies (Korsch et 
al. 1998, Korsch et al. 2009a, Korsch et al. 2009c), particularly on the western margin of 
the Bowen Basin. Seismic data from the Denison Trough (Figure 2.1a) show a series of N-
S trending half grabens, which functioned as depocentres from the latest Carboniferous to 
the early Permian (Korsch et al. 2009a). Some of these half grabens show evidence of 
inversion, associated with approximately E-W contraction during the Hunter-Bowen 
Orogeny. In this study, we have also identified evidence for extensional faulting along the 
western margin of the NEO/eastern margin of the Bowen Basin. The L1 lineament (Figures 
2.10, 2.11, 2.12) corresponds to extensional features in seismic interpretation and 
provides evidence for extensional faulting within the Auburn Arc. We infer that the age of 
extensional deformation is Permian based on the correlation of the syn-rift seismic 
reflectors with the checkshot from the Alick Creek 1 exploration well (Figures 2.5a, 2.6, 
2.9b). More proximal well control is currently unavailable. The timing is consistent with the 
development of the early Permian East Australian Rift System (Korsch et al. 2009a), and 
suggests that the system included crustal-scale extension as far east as the Auburn Arc in 
the northern NEO. Unlike the LBFS, GMFS, and the potentially contemporaneous 
extensional faulting in the Denison Trough, the faults identified on the western margin of 
the NEO do not display evidence of Hunter-Bowen inversion, despite striking 
approximately perpendicular to the regional shortening direction. This is potentially a 
consequence of the high angle, planar geometry of the eastern Bowen Basin extensional 
faults (Figure 2.9b ICK97-7) compared to the low angle/listric geometry of the LBFS 
(Figure 2.9b 80-H39, PW85-6) and the early Permian Denison Trough extensional faults 
(Korsch et al. 2009a), suggesting that the eastern Bowen Basin extensional faults were not 
critically stressed during Hunter-Bowen compression. 
 
 Another early Permian structure in the eastern margin of the Bowen Basin is the 
Bowen Basin sub-trough, which deviates from the Bowen Basin and is oriented 
approximately parallel to the western limb of the Texas Orocline (Figure 2.13a). The 
eastern margin of the sub-trough has been truncated by the northern continuation of the 
Moonie Fault. Seismic reflectors in lines PR81-2 and PW85-6 (Figure 2.9b) do not show 
syn-deformational thinning or thickening of the Bowen Basin in the proximity to the Moonie 
Fault, suggesting that the fault was not active during the deposition of the sub-trough. 
Farther south, Wartenberg et al. (2003) identified Permian basin deposits east of the 
Moonie Fault. If we assume that the Bowen Basin extended as far east as the modern 
coastline (Fielding et al. 2000), then the northern Moonie Fault had sufficient throw to 
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remove the Permian strata from the hangingwall. The northern continuation of the sub-
trough is inferred from lineament L3 (Figures 2.10, 2.11, 2.12), showing deviation of the 
sub-trough from the N-S axis of the Bowen Basin. This deviation resembles the curvature 
of lower Permian basins overlying the Woolomin Province (Silver Spur Subprovince and 
Ashford Basin) around the western limb of the Texas Orocline (Figures 2.4b, 2.13a). 
Assuming that the sub-trough formed under the same extensional system that was 
responsible for faulting farther east, it is possible that the sub-trough represents the 
junction between Permian basin deposits deformed during orocline formation (Silver Spur 
Province, Ashford Basin; Figures 2.4b, 2.13a) and N-S trending Permian basin deposits 
that were largely unaffected by oroclinal bending (L1, L2, Bowen Basin, Denison Trough). 
 
 In the model for oroclinal bending presented by Li et al., (2012), it has been 
suggested that along-strike variations in the rates of trench retreat may have resulted in 
the development of orogenic curvature during the early Permian and prior to a subsequent 
phase of dextral strike-slip faulting. The identification of extensional faulting in the Auburn 
Arc (Figure 2.9b), and the fact that it is not identified farther south, support this hypothesis. 
It indicates a decrease in the intensity of extensional faulting from north to south, which 
possibly corresponds to higher rates of trench retreat north of the Texas Orocline. Other 
areas north of the Texas Orocline that record evidence for crustal extension in the early 
Permian (or latest Carboniferous) include the metamorphic core complexes of Mount Mia 
(Little et al. 1992, Little et al. 1995) and Mount Mee (Holcombe & Little 1994), and the 
extensional faulting in the Cressbook Basin (Figure 2.13a).  
 
 2.5.2 Link between the northern and southern segments of the New England Orogen 
One obstacle in developing tectonic reconstructions of the NEO is the lack of robust 
constraints on the connection between the Yarrol Province in the northern NEO and the 
Tamworth Belt in the southern NEO. Both the Yarrol Province and Tamworth Belt are 
bordered to the east by serpentinites, which occur along the Yarrol Fault and Peel Fault, 
respectively. However, the presence of accretionary complex rocks represented by the 
Texas beds and the Wandilla Province, and the scarcity of forearc basin lithology in 
outcrop owing to Permian to Mesozoic sedimentary cover inhibit our understanding of how 
the two segments of the orogen are connected. Lineaments interpreted from geophysical 
analysis suggest that the contact between the forearc basin and accretionary complex has 
undergone multiple periods of deformation, as expressed by the curvature of lineaments 
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(L4, L7, L8) and both dextral offset (L7a along the Demon Fault) and sinistral offset (L4-L5 
along L’3) on interpreted lineaments (Figures 2.10, 2.12). An interpretation of the extent of 
the forearc basin deposits of the Tamworth Belt, as well as the connecting fault system 
between the Peel and Yarrol fault systems, is presented in Figure 2.13b.  
 
Our interpretation of the forearc basin below the Mesozoic cover is generally 
consistent with Wartenberg (2005), who relied upon both TMI and Bouguer gravity data. 
One difference between the interpretations, however, is that Wartenberg (2005) assumed 
a continuity of the Yarrol Province and Tamworth Belt below the Mesozoic cover. In 
contrast, based on the interpretation of seismic, magnetic and gravity data, and the 
occurrence of serpentinite outcrops, we suggest that the two segments of the forearc basin 
are disconnected (Figure 2.13b). We interpret the continuation of the PYFS based on the 
assumptions that: 1) the tectonic contact between forearc basin and accretionary complex 
is marked by serpentinites; and 2) lineaments of high magnetic and continuous gravity 
response along strike with serpentinite outcrops represent the extent of serpentinites 
below the sedimentary cover. Note that while the Mount Mia serpentinite is associated with 
deep crustal faulting, it is not interpreted to demarcate the contact between the forearc 
basin and accretionary complex, contrary to the interpretation provided by Little et al. 
(1992) (Figure 2.13b). We note that the link between the Yarrol Fault and the northern 
section of L4 remains unclear, owing to the absence of magnetic and gravity anomalies 
that correspond to serpentinite outcrops in this area. However the truncation of other 
lineaments (e.g. L2 and L3) against L4 supports the authors’ interpretation of the L4 
lineament as a fault. Consequently, the interpretation of the PYFS north of point X in 
Figure 2.13b is speculative. 
 
According to our interpretation of magnetic and gravity data, the PYFS has been 
deformed by significant sinistral strike-slip faulting, particularly along the strike of L’3. This 
suggests southward movement of the Yarraman Subprovince relative to the North and 
South D’Aguilar subprovinces, as implied by the curvature of L4, and the offset between 
L4 and L5 (Figures 2.10, 2.12). Cranfield et al. (2001) identified map-scale folding in the 
Sugarloaf Metamorphics (Yarraman Subprovince) and the Neranleigh Fernvale beds 
(South D’Aguilar Subprovince). This folding was attributed to sinistral faulting along the 
interface between the Yarraman Subprovince and the South D’Aguilar Subprovince 
(Cranfield et al. 2001) (Figure 2.4). L4 has been interpreted to trend parallel to the 
structural fabric in the Sugarloaf Metamorphics (Cranfield et al. 2001). Fault bound 
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segments of the Permian Cressbrook Basin are also distributed around the eastern 
curvature of L4 (Figure 2.13a), suggesting that the sinistral faulting responsible for the 
relative southward movement of the Yarraman Subprovince occurred after the early 
Permian. Furthermore, the Sugarloaf Metamorphics are overprinted by relatively 
undeformed late Permian to Triassic intrusive rocks (Webb & McDougall 1968, Cranfield et 
al. 1976, Murphy et al. 1976, Cranfield et al. 2001), constraining the timing of sinistral 
deformation to the Permian. The curvature in L4 mimics the curvature of the Coffs Harbour 
Orocline (L7), suggesting that deformation of L4 is related to oroclinal bending. However 
whether or not these two features are related would need to be determined by the 
structural fabric beneath the Clarence Moreton Basin. Unfortunately, the widespread 
occurrence of Cenozoic volcanic rocks in the area of the Coffs Harbour Orocline inhibits 
visualisation of basement structural features using gravity and magnetic data (Figures 2.2, 
2.3, 2.4). 
 
 Post-early Permian sinistral strike-slip deformation may also account for the 
absence of a clear aeromagnetic and gravity anomaly between lineaments L6 and L7, 
since these lineaments are juxtaposed to the south, but also approximately along strike of 
the West Ipswich Fault. If we assume that L6 and L7 were originally continuous, their 
juxtaposition possibly indicates that L6 and L7 have been offset by the southern extension 
of the West Ipswich Fault System, a process that potentially amplified the curvature of the 
Coffs Harbour Orocline (Figures 2.10, 2.12). Additionally, if we consider that L7a is the 
boundary between the forearc basin and accretionary wedge, then it appears that the 
PYFS was affected by a later period of Mesozoic dextral movement along the Demon 
Fault (Babaahmadi & Rosenbaum 2013). 
 
 The western margin of the Tamworth Belt has been interpreted as the GMFS 
(Figure 2.13b). Accordingly, forearc basin deposits pinch out at point X (26.57˚ S, 150.91˚ 
E) (Figures 2.10, 2.11, 2.12, 2.13b), implying that there is no continuous N-S connection 
between the Tamworth Belt and the Yarrol Province. Point X is also aligned along the axial 
plane of the Texas Orocline as inferred from outcrop data in the Texas beds (Li et al. 
2012). Contrary to Wartenberg’s (2005) interpretation, we interpret the existence of 
volcanic arc deposits north of point X, directly adjacent to the accretionary complex (Figure 
2.9b). This interpretation is consistent with basement core analysis undertaken by Murray 
(1997), who noted the absence of Tamworth Belt lithology north of the Moonie Fault 
System (Figure 2.5b). One possible explanation for this is the uplift and overthrusting of 
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the Yarraman Subprovince over the Tamworth Belt during antithetic sinistral shearing 
along the bounding faults of the Esk Trough. Cranfield et al. (2001) have suggested that 
this sinistral shearing may have occurred owing to pinning of the D’Aguilar and Beenleigh 
subprovinces during NE-SW transpression. The “pinching out” of the Tamworth Belt 
represents the fault contact between the Yarraman Subprovince and the Auburn Arc owing 
to the southward “telescoping” of northern accretionary complex units. Lineaments L’1 and 
L’2 (Figures 2.10, 2.11, 2.12), however, have a NW-SE strike and are more likely 
associated with a later deformation event. 
2.6 Conclusions 
Investigation of geophysical data in southeast Queensland has revealed significant 
structures associated with the Texas Orocline. Extensional faults within the Auburn Arc 
follow the structural fabric of the Texas Orocline, indicating that the development of the 
orocline was intimately linked to the formation of the early Permian East Australian Rift 
System. We suggest that extension was driven by trench retreat, and that faster trench 
retreat north of the Texas Orocline was responsible for the formation of the initial 
curvature. The tectonic contact between the Devonian-carboniferous forearc basin and 
accretionary complex, represented by the PYFS, is interpreted to follow the strongly 
contorted structure of the orocline. As a result of the tight oroclinal structure, there is no 
continuous link between the Tamworth Belt and the Yarrol Province. Tectonic models for 
the formation of the Texas Orocline must account for the complex deformation history by 
incorporating an early stage of extension, which was possibly followed by dextral 
transpression and contractional deformation. 
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Chapter 3: Influence of basement structures on in situ stresses over the 
Surat Basin, southeast Queensland 
 
Abstract: 
The Jurassic to Cretaceous sedimentary rocks of the Surat Basin in southeast Queensland 
host a significant volume of coal seam gas resources. Consequently, knowledge of the in 
situ stress is important for coal permeability enhancement and wellbore stability. Using 
wireline log data and direct stress measurements, we have calculated stress orientations 
from 36 wells, and stress magnitudes from 7 wells across the Surat Basin. Our results 
reveal a relationship between high tectonic stress and proximity to structures within the 
underlying “basement” rocks. The influence of tectonic stresses is diminished with depth in 
areas with thicker sedimentary cover that are relatively far from the basement structures. 
We suggest that this relationship is due to the redistribution of in situ stresses around 
areas where basement is shallower, and where basement structures, such as the 
Leichhardt-Burunga Fault System, are present. This behaviour is explained by a lower 
rigidity in the thickest basin cover, which reduces the ability to maintain higher tectonic 
stress. Over the entire Surat Basin, a significant amount of variability in in situ stress 
orientation is observed. The authors attribute this stress variability to complex plate 
boundary interactions on the northern and eastern margins of the Indo-Australian plate.  
 
Keywords: 
in situ stress, Surat Basin, geomechanics, tectonics, image logs. 
 
3.1 Introduction 
The Bowen Basin and Surat Basin are two economically significant basins located in 
southeast Queensland (Figure 3.1). The coals within these basins are of significant 
interest for coal seam gas exploration and production, particularly within the “Walloon 
Fairway” (Figure 3.1). Viability of coal seam gas production is partially dependent on the 
intersection of production wellbores to reservoir (coal seam) fracture and cleat 
permeability, whereas primary porosity plays a diminished role (Gray 1987a, b). 
Furthermore, the ability of these fractures and cleats to transmit fluid is partially in situ 
stress dependent, with fractures that are critically stressed being more likely to be effective 
fluid conduits than those that are not (Barton et al. 1995, Zoback 2007). Understanding in 
situ stress conditions can also improve hydraulic fracture programs and predict wellbore 
stability (Bell 1996b). 
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Figure 3.1 Location map showing APLNG and Origin Energy exploration and production permits, 
key wells and basin extents in southeast Queensland.  
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The relative magnitude of the maximum horizontal stress (SHmax), minimum 
horizontal stress (SHmin) and vertical stress (SV) determines the in situ Andersonian 
tectonic regime; reverse (SHmax > SHmin > SV), strike-slip (SHmax > SV > SHmin) or normal (SV > 
SHmax > SHmin) (Anderson 1951). Intraplate in situ stress fields within the Australian 
continental crust are regionally attributed to the transmission of stresses caused by plate 
margin collision (Reynolds et al. 2002, Hillis & Reynolds 2003, Reynolds et al. 2003, Müller 
et al. 2012). At a local scale, structures such as fault zones, anticlines/synclines and 
associated lithology transitions can locally affect stress orientation and magnitude (Teufel 
1991, Aleksandrowski et al. 1992, Martin & Chandler 1993, Bell 1996b, Tingay et al. 2005, 
Tingay et al. 2006) and modelling has suggested heterogeneities in rheology between 
geological provinces may also influence Australian intraplate stress fields (Zhao & Müller 
2003, Dyksterhuis et al. 2005a, Dyksterhuis et al. 2005b, Dyksterhuis & Müller 2008, 
Müller et al. 2012). 
 
The aim of this paper is to characterise variations in in situ stress orientation and 
magnitude within the Surat Basin and the underlying Bowen Basin (Figure 3.1). Wireline 
log data provided by Origin Energy have been used in conjunction with fracture tests, 
seismic data and SEEBASETM (2005) data in order to investigate stress changes with 
depth below surface, as well as with proximity to significant basement structures. In 
eastern Australia, previous studies have investigated the in situ stress magnitudes and 
orientations of the Northern Bowen Basin and the Sydney Basin (Hillis et al. 1999, Hillis & 
Reynolds 2000, Clark & Leonard 2003, Hillis & Reynolds 2003). Additionally, a similar 
compilation of borehole in situ stress data has been conducted in the Clarence-Moreton 
Basin in northeastern New South Wales (Figure 1) by Rajabi et al. (2015). The study area 
for this project lies in between the Northern Bowen Basin and the Sydney Basin, and to the 
west of the Clarence-Moreton Basin, and aims to contribute in situ stress orientations and 
magnitudes to a previously uncharacterised area of the World Stress Map Project (Figure 
3.2a) (Zoback 1992, Heidbach et al. 2010). 
 
3.2 Australian stress state 
Previous investigations of global stress data from the World Stress Map project have 
identified a strong correlation between horizontal stress orientations and plate motions 
(Zoback et al. 1989, Richardson 1992, Zoback 1992). In general, plate scale forces, such 
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as ridge push, slab pull, continental collision and trench suction enact a “first order” control 
on the in situ stress field within the intraplate setting (Zoback et al. 1989, Zoback 1992, 
Heidbach et al. 2007). Stress orientations within the Indo-Australian plate are highly 
variable, and the orientation of SHmax does not run parallel to the plate velocity vector. 
While this disconnect between SHmax orientation and plate velocity vector is not unique 
(The Sunda Plate also exhibits a similar disconnect ((Tingay et al. 2010a))) it is unlike 
many other areas of intraplate tectonic setting (e.g., North America, South America and 
western Europe), (Richardson 1992, Zoback 1992, Hillis et al. 1999, Hillis & Reynolds 
2000, 2003, Heidbach et al. 2007). Various attempts have been made to model the 
distribution of in situ stress orientations within the Indo-Australian intraplate, either as a 
consequence of complex plate boundary interactions with a homogeneous crust (Coblentz 
et al. 1995, Coblentz et al. 1998, Reynolds et al. 2002, 2003), or with regional 
heterogeneities in crustal rigidity (Zhao & Müller 2003, Dyksterhuis et al. 2005a, 
Dyksterhuis et al. 2005b, Dyksterhuis & Müller 2008, Müller et al. 2012). 
 
Modelling of in situ stress data from eastern Australia reveals a variable stress 
trajectory (Hillis & Reynolds 2000, Reynolds et al. 2002, Hillis & Reynolds 2003), from a 
NE-SW SHmax in northern Queensland, to a SE-NW SHmax in southern New South Wales 
(Figure 3.2a,b). The transition zone from the NE-SW orientation to the SE-NW orientation 
is defined as an “area of divergence” (Hillis & Reynolds 2000), characterised by low 
tectonic differential stress (SHmax - SHmin) and an overall E-W SHmax orientation. Modelling 
within the area of divergence has a poor fit with in situ stress observations from borehole 
data. Investigation of borehole stress indicators in the Clarence-Moreton Basin (Figure 1) 
by Rajabi et al. (2015) has identified a regional mean SHmax of 068°N, with local variations 
due to the influence of geological structures, such as fault systems and lithological 
contrasts. This orientation conflicts with the generally NW-SE SHmax orientation predicted 
by in situ stress models (Hillis & Reynolds 2003, Dyksterhuis et al. 2005a, Dyksterhuis et 
al. 2005b, Müller et al. 2012). Stress orientations in the area of divergence are attributed to 
conflicting plate boundary interactions along the northern and eastern margins of the Indo-
Australian plate (Hillis & Reynolds 2000, Clark & Leonard 2003). 
 
A comprehensive analysis of stress data from the Bowen and Sydney Basins by 
Hillis et al. (1999) has identified significant differences in their respective stress 
environments. The relatively aseismic Bowen Basin exhibits a unimodal NNE-SSW SHmax 
orientation, with a dominant reverse tectonic regime, although this stress regime was 
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predominantly determined from hydrofracture tests, which can be unreliable for assessing 
stress regimes, particularly at shallow depths. Conversely, the Sydney Basin is seismically 
active at relatively shallow focal depths and exhibits a regional scatter in stress orientation, 
with an overall E-W SHmax orientation and a dominant reverse tectonic regime (Hillis et al. 
1999) (Figure 3.2a). Alternatively, based on 8 focal mechanisms Clark & Leonard (2003) 
suggested a consistent NE-SW SHmax orientation at seismogenic depths in the Sydney 
Basin, with an associated strike-slip motion. Focal mechanisms are generally more reliable 
than hydrofracture tests for assessing tectonic stress regime, given an earthquake of 
sufficient size. However principal stress orientations can be subject to errors of up to 45°. 
 
The area of interest for this study is situated between the Bowen and Sydney Basin 
stress provinces, and to the west of the Clarence-Moreton Basin. The area has few pre-
existing stress measurements (Figure 3.2a), and the predicted stress environment within 
the area of interest is variable depending on the model used (Figure 3.2). Stress trajectory 
modelling by Hillis and Reynolds (2003), based solely on observed stress data in the 
Australian continent predicted a NE-SW SHmax (Figure 3.2b). In contrast, finite element 
modelling produced by Reynolds et al. (2002, 2003) predicted a relatively isotropic stress 
state (Figure 3.2b). The authors of these models assumed a homogeneous plate rigidity 
and complex plate boundary interactions, with particular stress focussing at the 
Himalayan, Papua New Guinea and New Zealand collisional boundaries. Modelling by 
Müller et al. (2012), which accounted for plate boundary interactions as well as variations 
in rigidity between geological provinces, predicted a WNW-ESE SHmax orientation, and a 
differential tectonic stress magnitude of approximately 10-15 MPa (Figure 3.2c). 
  
Figure 3.2 Stress state of eastern Australia. a) Current stress indicators from the World Stress Map Project (Heidbach et al. 2008, 2010) 
and epicentre locations for seismic events M ≥ 4 since 1970. b) Modelled stress orientations and magnitude from finite element 
modelling by Reynolds et al. (2002, 2003) overlying stress trajectory map by Hillis & Reynolds (2000, 2003). c) Modelled stress 
orientations from modelling by Müller et al. (2012). Full list of references for all stress data in Figure 3.2a: (Worotnicki & Denham 1976, 
Mills & Fitch 1977, Denham 1980, Denham et al. 1981, Enever et al. 1984, Enever & Wooltorton 1984, Denham et al. 1985, Blumling 1986, 
Enever et al. 1989, McCue et al. 1989, McCue et al. 1990, Michael-Leiba & Dent 1991, Hillis et al. 1999, Hillis & Reynolds 2000) 
43 
 
3.3 Geological setting 
The surface geology in the study area is almost entirely composed of units of the Surat 
Basin (Figure 3.1). Consequently, knowledge of basement geology is primarily based on 
well data and geophysical methods (Murray 1997). Basement within the study area 
belongs to three components of the Tasmanides (Glen 2005), including the Lachlan and 
Thomson orogens in the western part of the study area, and the New England Orogen 
(NEO) in the eastern part (Figure 3.3a). These mostly Paleozoic orogenic units are 
covered by sedimentary rocks of the Permian to Triassic Bowen Basin and the Jurassic to 
Cretaceous Surat Basin (Green et al. 1997). The N-S trending Taroom Trough marks the 
zone of thickest Bowen and Surat Basin sedimentary cover, which supposedly overlaps 
the junction between the Lachlan, Thomson and New England orogens. There are no 
basement outcrops within the study area. 
 
The oldest lithology intersected by basement wells on the western margin of the 
study area are steeply-dipping low-grade metasedimentary rocks of the Devonian Timbury 
Hills Formation, which belong either to the Lachlan Orogen or the cover of the Thomson 
Orogen (Murray 1997, Fergusson 2013). Another basement component west of the 
Taroom Trough are the Late Devonian to Early Carboniferous Roma Granites, which 
intrude the Timbury Hills Formation (Murray 1997, Fergusson 2013). On the eastern 
margin of the study area, basement is defined by Devonian to Carboniferous rocks of the 
NEO, which predominantly consist of arc, forearc basin and accretionary complex units. 
The arc-related rocks belong to the Auburn Arc, and are locally referred to as Torsdale 
Beds (Murray 1997, Withnall et al. 2013). The forearc basin is represented by the 
Tamworth Belt, which is bordered to the west by the Goondiwindi, Tingan and Moonie 
Fault Systems, and bounded to the east by the northern continuation of the Peel Fault, 
which represents a tectonic contact between forearc basin and accretionary complex units 
(Voisey 1959, Leitch 1974, Korsch 1977). The accretionary complex is expressed in 
outcrop farther to the east of the study area by the volcaniclastic Texas Beds (Donchak et 
al. 2007, Donchak 2013). In some areas, the orogenic components are overlain by Late 
Carboniferous to Early Permian volcanic rocks associated with the earliest phases of 
Bowen Basin rifting (Combarngo Volcanics and the Camboon Volcanics on the western 
and eastern margins of the Taroom Trough, respectively) (Murray 1997, Fergusson 2013, 
Withnall et al. 2013). These units have also been defined as economic “basement” by oil 
and gas companies operating in the overlying Bowen and Surat Basins (Murray 1997).  
  
 
 
  
Figure 3.3 Map of study area and wells with relation to basement geology. a) Location map showing basement geology over the study 
area. Modified from Murray (1997). b) Colour map shows depth of top basement estimated from SEEBASETM mapping (SEEBASETM 
2005). Red line demarcates cross-section in Figure 3.7. Figure extent is the same as Figure 3.1. 
a b 
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The Bowen Basin is interpreted as a Permian to Triassic back arc basin (Holcombe 
et al. 1997a, b) and is one of a series of rift basins that developed across eastern Australia 
from the Early Permian (Korsch et al. 2009a). Between ~265 and 230 Ma, the Bowen 
Basin and the NEO were subjected to contractional and strike-slip deformation known as 
the Hunter Bowen Orogeny (Holcombe et al. 1997b, Korsch et al. 2009b). This 
deformation initiated the Leichhardt-Burunga Fault System (LBFS) and the Goondiwindi-
Moonie Fault System (GMFS), which uplifted the New England Orogen to define the 
eastern boundary of the Bowen Basin. The Surat Basin is a Jurassic to Cretaceous 
sedimentary basin which unconformably overlies the Bowen Basin to the west of the LBFS 
and GMFS, and the NEO to the east of the fault systems (Korsch et al. 2009c). The Surat 
Basin is mostly undeformed, but the propagation of the Moonie Fault into the base of the 
Surat Basin (Wartenberg et al. 2003, Wartenberg 2005) and slight anticlinal bending 
around the LBFS and GMFS indicate that these fault systems were reactivated during Late 
Cretaceous/ Cenozoic phases of deformation (Korsch et al. 2009c). 
 
3.4 Methodology: 
Characterising the in situ stress state of the Surat Basin involves determining both the 
orientation and magnitude of the three principal stresses (SHmax, SHmin, SV). The orientation 
of SHmax and SHmin was determined using image logs from 36 wells, while the magnitude of 
SHmax, SHmin and SV was determined by constructing one-dimensional mechanical earth 
models for seven wells across the Surat Basin (see Figures 3.1 and 3.3 for well locations). 
SV was assumed to be a principal stress vector. While this is a reasonable assumption in 
tectonically stable areas such as gravity driven intracratonic basins, eastern Australia 
shows evidence of a significant tectonic influence on in situ stress (Figure 3.2). 
Furthermore, the in situ stress tensor can deviate from vertical with proximity to local 
mechanical boundaries such as faults and salt diapirs (Bell 1996a, Yale 2003, Tingay et al. 
2010b, Tingay et al. 2011, King et al. 2012). Multiple focal plane solutions over the Sydney 
Basin indicate that the least principal stress (locally the closest stress to vertical) deviates 
from the vertical by 2 to 33 degrees (Clark and Leonard (2003), Table 2). Similar focal 
plane solution data are sparse in southeast Queensland, with only one datapoint available, 
suggesting a vertical principal stress but with high uncertainty (Bajool: Latitude:  -23.60, 
Longitude 150.63 (Leonard et al. 2003)). Consequently, due to the absence of reliable 
data, and given that variations in stress orientation are investigated here on a regional 
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scale, the authors have assigned SV as a principal stress while also recognising that there 
is uncertainty in this decision within the study area. 
 
3.4.1 Image log analysis: 
Image log analysis was undertaken in order to identify incidences of borehole failure 
caused by in situ stresses. A total of 36 image logs were interpreted, including 24 
Schlumberger Formation Microimager (FMI) logs, 3 Schlumberger Ultrasonic Borehole 
Imager (UBI) logs and 9 Weatherford Compact Microimager (CMI) logs (Table 3.1). 
 
Image logs were interpreted for borehole breakouts (BO) and drilling induced tensile 
failure (DITF). BO are zones of compressive failure due to the redistribution of in situ 
stresses around a borehole, as defined by the Kirsch equations (Kirsch 1898, Jaeger & 
Cook 1979). In resistivity image logs (FMI and CMI), BOs are represented by two 
conductive out of focus bands running parallel to the borehole axis, approximately 180 
degrees apart (Figure 3.4). This is due to poor pad contact of the resistivity imaging tool 
with the borehole wall over the zones of BO, thus measuring the conductivity of drilling 
fluids. Conversely, DITF represents zones of tensile failure at the borehole wall due to the 
redistribution of in situ stresses. They are observable in resistivity image logs as fractures 
running parallel or sub-parallel to the borehole axis at 180 degrees apart. These features 
were used to determine stress orientation, with BO representing the orientation of the 
minimum principal stress acting on the borehole (Gough & Bell 1982), and DITF 
representing the orientation of SHmax (Figure 3.4) (Brudy & Zoback 1999). Since all of the 
28 boreholes used for this study were approximately vertical (borehole deviations <20 
degrees from vertical), the interpretations of BO and DITF correspond to the orientation of 
the SHmin and SHmax, respectively (Mastin 1988). Image log interpretation was conducted 
using the Advanced Logic Technology’s WellCAD software package. 
 
   
 
45 
 
 
 
 
 
 
Table 3.1 Wells investigated in this study. L&T = Lachlan and Thomson Orogen, TT = Taroom Trough, 
NEO = New England Orogen. Map geodetic datum is GDA94. 
REIDS 1 L&T -25.9314278 148.8980361 FMI 366 1341.8 15.16
DURHAM RANCH 245 L&T -26.1271972 149.1040833 FMI 189.7 930.7 5.16
DURHAM RANCH 248 L&T -26.1220917 149.2080556 FMI 249 1389 6.38
DURHAM RANCH 164 L&T -26.0605861 149.2257556 FMI 238 1244 2.51
MUGGLETON 5 L&T -26.3205417 149.2630194 CMI 187.2 698.8 1.4
COMBABULA 4 TT -26.1840583 149.4552889 CMI 122.9 652.5 1.6
LUCKY GULLY 11 TT -26.3944694 149.5078667 UBI 200.2 1043.2 4.93
COMBABULA 6 TT -26.1871056 149.5603333 CMI 112.8 694.2 0.9
COMBABULA 21T TT -26.2317417 149.5683528 CMI 106.8 755.8 1.41
COMBABULA 12 TT -26.2296028 149.5738833 CMI 109.8 767.5 1.92
LUCKY GULLY 9 TT -26.4066694 149.5816722 FMI 90.3 1058.3 1.1
HORSE CREEK 16 TT -26.4491083 149.6520861 FMI 233.3 1136.4 1.71
WYGI CREEK 1 TT -26.6091111 149.6735361 FMI 840.6 1409.6 1.06
NOONGA CREEK 5 TT -26.5233 149.7168472 FMI 521 1284.6 3.71
RAMYARD 8 TT -26.4670194 149.729325 FMI 498.3 1141.6 0.9
NOONGA CREEK 6 TT -26.5682444 149.7318167 FMI 592 1301 1.32
WYGI CREEK 2 TT -26.6231625 149.7606964 UBI 737 1324.5 1.43
RAMYARD 7 TT -26.4113944 149.7830028 FMI 113.8 1137.2 1.19
RAMYARD 15 TT -26.4183833 149.8287139 FMI 208.6 1100.6 2.3
WOLEEBEE EAST 3 TT -26.2888111 149.8557056 FMI 101.5 711.5 1.83
WOLEEBEE EAST 5 TT -26.351886 149.879947 FMI 200 881.9 2.6
CARINYA 7 TT -26.543675 149.8854083 FMI 238.3 1150 2.82
WYGI CREEK 3 TT -26.5970793 149.9292361 UBI 310.1 1160.7 1.48
CARINYA 8 TT -26.5116556 149.9371139 CMI 392 1151 1.57
CARINYA SOUTH 2 TT -26.6694778 150.0012528 FMI 446.1 1217.4 1.16
DALWOGAN 9 TT -26.5710556 150.1346583 FMI 77 780 1.35
DALWOGAN 12 TT -26.6305778 150.1460389 FMI 97 945 1.12
CONDABRI MB9H NEO -26.8079111 150.1708361 CMI 992 1563 3.25
CONDABRI SOUTH 6 NEO -27.062919 150.183371 FMI 575.09 1120.25 2.62
CONDABRI 13 NEO -26.7142556 150.1925472 CMI 255.5 1269.04 1.67
DUKE 14 NEO -27.1737833 150.2244056 FMI 132 1147 1.61
TALINGA 31 NEO -26.881825 150.3383861 FMI 71 657.5 1.44
DUKE 22 NEO -27.1106806 150.3890389 FMI 148.5 1098.5 1.42
ORANA 12 NEO -26.9684722 150.5301639 FMI 162.6 665.7 3.13
GILBERT GULLY 18 NEO -27.5977833 150.8977194 FMI 100.5 929.2 0.92
WAAR WAAR 16T NEO -27.7945028 150.9457278 FMI 122.8 661.3 1.27
Max Deviation (°)
Latitude Longitude
Well Region
Location Data
Image log tool data top (m) data bottom (m)
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3.4.2 Mechanical rock properties 
In order to accurately model in situ stress magnitudes, it is crucial to understand the 
mechanical properties of the lithologies intersected by the borehole. The one-dimensional 
mechanical earth models require continuous measurements for five key properties: 
density, static Young’s Modulus, static Poisson’s Ratio, uniaxial compressive stress 
(UCS), and tensile strength. Whereas density and dynamic velocity-based moduli are 
available on most wells from the wireline data, static moduli and strength data are only 
available from several discrete points from rock mechanical laboratory tests on core (e.g., 
18 single stage and 41 multi stage triaxial tests for moduli and shear strength). Thus, to 
complete the required mechanical dataset for all 36 wells, we used a combination of 
Figure 3.4 Borehole breakout (BO) and drilling induced tensile failure (DITF) 
as observed in image logs (left) and schematic borehole (right). 
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empirical relationships from published data and direct calibration to the available 
laboratory-derived values.  
 
The lithologies in each modelled well were classified into three categories: 
sandstone, siltstone and coal. Sandstones and siltstones were delineated by a gamma ray 
value determined from histogram analysis for each well. Gamma ray log values less than 
this cutoff were classified as sandstones, whereas gamma ray log values greater than this 
cutoff were classified as siltstones. After density logs were filtered for calliper washout, 
coals were universally classified as any section of the borehole with a density value less 
than 1.75 g/cm3. 
 
Dynamic Poisson’s Ratio and Young’s Modulus logs were initially derived from 
wireline compressional and shear sonic logs in each well: 
 
Equation 1: Dynamic Poisson’s Ratio (unitless) 
( )
( )
2
2
/ 2
2 / 1
p s
dyn
p s
V V
v
V V
−
=
 −  
 
 
Equation 2: Dynamic Young’s Modulus (Pa) 
( )2 2 2
2 2
3 4s p s
dyn
p s
V V V
E
V V
ρ −
=
−
 
 
Where Vp is the compressional wave velocity and Vs is the shear wave velocity (m/s) 
derived from wireline dipole sonic logs, and ρ is density (kg/m3) from wireline density logs. 
Both Poisson’s Ratio and Young’s Modulus logs were then calibrated to static laboratory 
measurements from triaxial testing of nearby wells using the following relationships: 
 
Equation 3: Sandstone static Poisson’s Ratio (unitless) 
0.7 0.06stat dynv v= +  
 
Equation 4: Siltstone static Poisson’s Ratio (unitless) 
0.7 0.08stat dynv v= +  
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Equation 5: Sandstone static Young’s Modulus (MPa)  
0.32stat dynE E=  
 
Equation 6: Siltstone static Young’s Modulus (MPa) 
0.3stat dynE E=  
 
Compressive rock strength values were also derived from wireline sonic log data using 
previously identified empirical relationships (Chang et al. 2006). 
 
Equation 7: Sandstone compressive rock strength (MPa) (McNally 1987) 
( )0.0361200 tUCS e − ∆=  
 
Equation 8: Siltstone compressive rock strength (MPa) (Chang et al. 2006) 
2.6304.81 .35UCS
t
 =  ∆ 
 
 
Where Δt is the compressional sonic (µsec/ft) from wireline logs. Equation 7 was used for 
compressive rock strength in sandstones, and was developed by McNally (1987) based on 
sandstones in the Bowen Basin. Equation 8 was used for siltstones, and is a global 
empirical relationship developed from shales (Chang et al. 2006). Tensile rock strength 
was assumed to be close to 0 MPa for all lithologies (Lockner 1995, Zoback 2007). Due to 
difficulties in obtaining reliable laboratory measurements for mechanical properties within 
coals, rock strength and dynamic to static Young’s Modulus and Poisson’s Ratio 
conversions were not defined for coals. Consequently, borehole failure observed within 
coals was not considered for the purpose of model calibration. 
 
3.4.3 One-dimensional mechanical earth models 
One-dimensional mechanical earth models define the changes in magnitude of the three 
principal stresses with depth (Figure 3.5), and were constructed from wireline log data. Of 
the three principal stresses, SV, or weight of the overburden, was the simplest to calculate. 
SV was derived from wireline density logs acquired for each of the seven wells (Equation 
9) 
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Equation 9: Vertical (overburden) stress at depth z (Pa) 
( )
0
 
z
VS z g dzρ= ∫  
 
Where z is the depth below ground level (m), g is the acceleration due to gravity (9.81 
m/s2), and ρ is the wireline density (kg/m3) at depth z.  Since density or sonic logs were 
not acquired from the total depth of the well all the way to surface, the SV gradient 
identified in the open hole section was extrapolated from the first valid density 
measurement in each borehole to the ground level. This effectively assumes that lithology 
is consolidated to ground level and does not account for variations in SV in the near 
surface due to weathering. Ideally the shallow SV could be predicted based on a 
relationship between density and sonic velocity data (Tingay et al. 2003). However for the 
wells investigated in this study, no velocity data were present between ground level and 
the first density datapoint. In all seven cases a gradient of approximately 1 psi/ft (~22600 
Pa/m) was identified in the open hole section using the extrapolation method. 
 
 Magnitudes of SHmax and SHmin were initially calculated using poroelastic stress 
equations (Equation 10 and Equation 11 respectively) (Thiercelin & Plumb 1994). 
 
Equation 10: Strain derived SHmax (Pa) 
( ) ( ) ( )21 1
stat stat
Hmax V p p max stat min
stat stat
v ES S P P v
v v
α α ε ε= − + + +
− −
 
 
Equation 11: Strain derived SHmin (Pa) 
( ) ( ) ( )21 1
stat stat
Hmin V p p min stat max
stat stat
v ES S P P v
v v
α α ε ε= − + + +
− −
 
 
Where vstat is a statically corrected Poisson’s Ratio (unitless), α is the Biot’s poroelastic 
coefficient (unitless, assumed α = 1), Pp is reservoir pressure (Pa), Estat is the statically 
corrected Young’s Modulus (Pa), εmin is the strain in the minimum stress direction 
(unitless), and εmax is the strain in the maximum stress direction (unitless). 
 
Pp was assumed to follow the hydrostatic gradient in all 7 wells (~0.433 psi/ft, 
~10000 Pa/m). This assumption was based on regional formation pressures obtained from 
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Modular Dynamic Tests (MDTs) and Drill Stem Tests (DSTs). Since baseline water table 
depth was not available, the hydrostatic gradient was assumed to initiate at ground level. 
Strains could not be directly measured, so these values were adjusted iteratively in order 
to match the one dimensional mechanical earth models to calibration points. Initial values 
of εmin = 0.0009 and εmax = 0.0003 were used. 
 
 
 
 
 
 
 
 
 
 
 
3.4.4 Model calibration 
After stress logs were generated, SHmin and SHmax were constrained by;  
a) fracture closure pressures obtained from fracture tests, and  
b) incidences of borehole failure identified in image log analysis. 
 
Figure 3.5 Schematic 
illustration of a stress 
model with associated 
Andersonian tectonic 
classifications. Blue 
plane represents 
orientation of a 
propagated hydraulic 
fracture in the 
associated tectonic 
classification. 
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3.4.4.1 Fracture tests: 
For the purposes of this study, fracture tests are a generic name for various tests which 
isolate a section of a borehole, initiate tensile failure within that section, and monitor 
pressure decline as the fracture closes under tectonic stress. Examples include extended 
leakoff tests (XLOTs), Diagnostic Fracture Injection Tests (DFITs) and minifracture tests. 
Closure pressures (Pc) derived from fracture tests are indicative of the minimum principal 
stress at the test depth (Hubbert & Willis 1957, Zoback 2007). Within a reverse tectonic 
regime, fracture closure pressures are more likely to be indicative of the SV, whereas in a 
strike-slip or normal tectonic regime, closure pressures give a reasonable approximation of 
the SHmin due to the orientation of the fracture propagated during the fracture test (Figure 
3.5) (Brudy & Zoback 1999, Zoback 2007). For this study, 20 fracture tests were obtained 
across the seven wells (Table 3.2) in order to constrain the least principal stress. Pc values 
were estimated by investigating the change in pressure response from the isolated section 
over time using G-function derivative analysis and log-log derivative analysis (Barree et al. 
2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.2 Fracture test data used for calibration of stress profiles. DFIT = 
Diagnostic Fracture Injection Test, XLOT = extended leakoff test, Pc = closure 
pressure. Depth is in metres below ground level. 
Top Bottom Psi MPa
Minifrac 706.57 707.43 1587 - 1674 10.942 - 11.542
Minifrac 987.57 988.43 2254 - 2258 15.541 - 15.568
WOLEEBEE EAST 5 Minifrac 779.16 779.72 1776 - 1785 12.245 - 12.307
DFIT 579.78 595.62 1544 10.646
DFIT 659.75 671.95 1876 12.935
DFIT 767.48 776.02 2164 14.920
DFIT 891.20 897.30 2155 14.858
DFIT 915.45 921.55 2164 14.920
DFIT 534.7 535.7 1765 12.169
DFIT 751.7 752.7 2370 16.341
XLOT 542.4 543 1713 - 1723 11.811 - 11.88
XLOT 522.4 523 1705 - 1726 11.756 - 11.9
XLOT 491.4 492 1429 - 1618 9.853 - 11.156
XLOT 480.4 481 1566 - 1580 10.797 - 10.894
XLOT 470.6 471.2 1292 - 1297 8.908 - 8.943
XLOT 432.4 433 1436 - 1448 9.901 - 9.984
XLOT 416 416.6 1175 - 1954 8.101 - 13.472
XLOT 404.7 405.3 1210 - 1472 8.343 - 10.149
XLOT 389.9 391.5 1418 - 3570 9.777 - 24.614
XLOT 375.4 376 1344 - 1345 9.267 - 9.273
Interpreted Pc
LUCKY GULLY 9
DALWOGAN 12
GILBERT GULLY 18
WAAR WAAR 16
Well Test
Test Interval (m bgl)
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3.4.4.2 Borehole failure: 
Incidences of borehole failure are useful for constraining horizontal stress orientation, but 
with an understanding of mechanical properties, they can also be used to constrain the 
magnitude of stresses acting on a borehole. BOs represent areas where the 
compressional rock strength has locally been exceeded by the redistribution of in situ 
stresses around the borehole wall (Zoback et al. 1985, Bell 1990). Conversely DITFs 
represent areas where the tensional rock strength has locally been exceeded (Aadnoy 
1990). Consequently, with sufficient constraints on mechanical properties, SV, Pp and mud 
weight (Pm) at a given depth, the possible range of stress conditions necessary to match 
observed borehole failure can be predicted (Moos & Zoback 1990). 
 
Baker Hughes’ SFIB software package was used in order to define maximum and 
minimum limits for SHmax and SHmin based on incidences of BO and DITF, as well as 
lithology, mechanical rock properties, Pp, Pm and SV at the depth of borehole failure 
occurrence for each of the 7 stress models. These limits are also dependent on rock 
failure envelope parameters. A modified Lade failure criterion, a coefficient of sliding 
friction (μs) of 0.6, and a coefficient of internal friction (μi) of 1 were consistently used for all 
calibration points. 
 
3.5  Results 
3.5.1 Regional variations in horizontal differential stress and orientation 
Table 3.3 summarises the findings of the image log interpretation across the 36 wells. A 
total of 27,232 m of image log data was interpreted, with BO and/or DITF identified in 34 of 
those wells. A total of 699 BO and 347 DITF with a total length of 796 m were interpreted. 
Each well was assigned a stress indicator quality rank for BO and DITF according to the 
World Stress Map Quality Ranking Criteria (Tingay et al. 2008). Figure 3.6 displays the 
distribution of stress orientations across the study area for all interpreted wells. The map 
also displays the amount of borehole failure observed within each well normalised to the 
depth covered by image log data. As a consequence of the Kirsch equations (Kirsch 1898, 
Jaeger & Cook 1979), and under the condition that all other parameters are equal, a 
higher differential stress between SHmax and SHmin acting on a near vertical borehole is 
more likely to induce borehole failure. Consequently, the amount of failure observed in the 
well was used as an indication of differential stress (See also (Brooke-Barnett et al. 2012, 
Flottman et al. 2013) and Appendix C). 
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Figure 3.6 SHmax orientations interpreted from image logs. Bar colour represents percentage of 
image log covered by stress indicators for each well. Colour map shows depth of top basement 
estimated from SEEBASETM mapping (SEEBASETM 2005). Variations in both SHmax orientation and 
stress indicator coverage reflect changes in basement topography and proximity to major fault 
systems. 
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  Following the methodology used by Hillis & Reynolds (2000, 2003), the Rayleigh 
Test was applied to the individual stress orientation data identified in all 36 wells, in order 
to determine the confidence of stress orientations within the study area (Mardia 1972) 
(Table 3.4). In order to test variations in stress orientation with basement lithology, wells 
were also subdivided into three regions based on the underlying basement lithology 
(Lachlan/Thomson Orogens, Taroom Trough and New England Orogen; Figure 3.3), and 
the Rayleigh test was applied to each of these regions. The regions were then classified 
into 6 types using the following criteria: a type 1 region can reject the null hypothesis that 
stress orientations are random at the 99.9% confidence interval; a type 2 region can reject 
the null hypothesis at the 99% confidence interval; a type 3 region at the 97.5% interval; a 
type 4 region at the 95% interval; a type 5 at the 90% interval; and a type 6 region 
suggests that the null hypothesis cannot be rejected at the 90% interval (Hillis & Reynolds 
2000, 2003). Table 3.4 shows the results of the Rayleigh test as applied to the mean SHmax  
orientations from A to C quality BO and DITF measurements as per the methodology of 
Hillis and Reynolds (2000, 2003)Mean statistics were also calculated using the average 
SHmax for each well, and using all BO and DITF measurements (A to E quality) as 
comparisons. 
 
Image log analysis displays changes in differential stress magnitude and SHmax 
orientation across the study area. Overall, the Surat Basin exhibits an ENE-WSW SHmax 
orientation (Table 3.4). However, the local orientation can vary significantly from the mean. 
Over the Lachlan/Thomson Orogens, where basement is relatively shallow (<1000 m 
below sea-level (bsl)), observed failure occurrence is high with between 8 and 20 % failure 
coverage in image logs. Mean SHmax orientation is ESE-WNW (Table 3.4). As depth to 
basement increases into the Taroom Trough, fewer incidences of borehole failure are 
observed, and the orientation remains consistently ESE-WNW.  However, on the eastern 
margin of the Taroom Trough, as distance to the LBFS decreases, an increase in 
observed borehole failure is evident, along with a rotation in SHmax orientation parallel to 
the LBFS. On the eastern side of the LBFS, where the NEO basement is uplifted, 
observed borehole failure is lower than that observed along the LBFS, and stress 
orientation is NE-SW (Table 3.4). 
 
  Table 3.3 Rayleigh Test results for entire area, and subregions defined by basement geology based on A to C quality stress indicators (Statistics 
A-C). Mean statistics have also been calculated on A to E quality stress indicators (Statistics A to E) and the mean stress orientation for each well 
(Statistics Well Total SHmax) from Table 3. Mean is the mean SHmax calculated for a region, R is the length of the vector resulting from the sum of all 
SHmax orientations within a region (Mardia, 1972), SD is the standard deviation of the calculated mean SHmax, Conf. is the confidence that the null 
hypothesis that stress orientation is random can be rejected at, Type is the stress province type as per the methodology of Hillis and Reynolds 
(2000; 2003). 
Table 3.4 
Results from 
image log 
analysis. L&T = 
Lachlan and 
Thomson 
Orogens, TT = 
Taroom Trough, 
NEO = New 
England Orogen 
 
Count Length (m) Shmax (°N) SD (°) Count Length (m) Shmax (°N) SD (°) Count Length (m) Shmax (°N) SD (°)
REIDS 1 L&T 0 0.00 N/A N/A 113 180.24 64.13 15.89 113 180.24 64.13 15.89 975.8 E B 18.47
DURHAM RANCH 245 L&T 0 0.00 N/A N/A 64 76.02 103.27 20.83 64 76.02 103.27 20.83 741 E C 10.26
DURHAM RANCH 248 L&T 10 5.63 119.04 13.13 101 105.95 121.26 22.32 111 111.57 121.02 21.60 1140 D C 9.79
DURHAM RANCH 164 L&T 77 44.52 99.78 11.27 29 37.53 112.07 15.52 106 82.04 102.94 13.66 1006 B C 8.16
MUGGLETON 5 L&T 0 0.00 N/A N/A 1 1.23 142.49 0.00 1 1.23 142.49 0.00 511.6 E D 0.24
COMBABULA 4 TT 3 0.43 104.69 17.42 4 3.97 85.30 17.39 7 4.39 93.55 19.91 529.6 D D 0.83
LUCKY GULLY 11 TT 18 3.02 52.26 33.96 1 0.41 90.53 0.00 19 3.43 55.16 34.51 843 D D 0.41
COMBABULA 6 TT 2 0.98 84.86 16.73 1 1.51 78.42 0.00 3 2.49 82.61 15.75 581.4 D D 0.43
COMBABULA 21T TT 2 0.95 106.17 7.42 3 2.83 71.24 14.44 5 3.78 85.62 21.49 649 D D 0.58
COMBABULA 12 TT 0 0.00 N/A N/A 0 0.00 N/A N/A 0 0.00 N/A N/A 657.7 E E 0.00
LUCKY GULLY 9 TT 8 3.20 104.80 24.04 0 0.00 N/A N/A 8 3.20 104.80 24.04 968 D E 0.33
HORSE CREEK 16 TT 4 0.65 120.84 32.67 5 6.46 98.40 27.04 9 7.10 107.26 31.58 903.1 D D 0.79
WYGI CREEK 1 TT 0 0.00 N/A N/A 0 0.00 N/A N/A 0 0.00 N/A N/A 569 E E 0.00
NOONGA CREEK 5 TT 8 1.43 85.52 21.03 0 0.00 N/A N/A 8 1.43 85.52 21.03 763.6 D E 0.19
RAMYARD 8 TT 2 0.26 116.14 39.83 0 0.00 N/A N/A 2 0.26 116.14 39.83 643.3 D E 0.04
NOONGA CREEK 6 TT 3 0.53 105.98 39.27 0 0.00 N/A N/A 3 0.53 105.98 39.27 709 D E 0.07
WYGI CREEK 2 TT 12 3.29 1.30 36.19 0 0.00 N/A N/A 12 3.29 1.30 36.19 587.5 D E 0.56
RAMYARD 7 TT 3 1.93 82.96 16.06 10 5.14 106.55 30.30 13 7.07 99.47 29.35 1023.4 D D 0.69
RAMYARD 15 TT 32 10.02 66.49 18.10 2 0.70 71.19 3.77 34 10.72 66.82 17.58 892 D D 1.20
WOLEEBEE EAST 3 TT 31 27.86 62.56 12.07 1 0.67 13.52 0.00 32 28.53 61.56 14.31 610 C D 4.68
WOLEEBEE EAST 5 TT 20 5.52 59.61 20.41 1 0.22 1.55 0.00 21 5.73 58.16 23.12 681.9 D D 0.84
CARINYA 7 TT 124 48.14 84.88 15.02 0 0.00 N/A N/A 124 48.14 84.88 15.02 911.7 B E 5.28
WYGI CREEK 3 TT 53 11.06 67.19 20.98 0 0.00 N/A N/A 53 11.06 67.19 20.98 850.6 D E 1.30
CARINYA 8 TT 16 3.36 96.99 18.18 0 0.00 N/A N/A 16 3.36 96.99 18.18 759 D E 0.44
CARINYA SOUTH 2 TT 64 25.25 64.40 17.78 0 0.00 N/A N/A 64 25.25 64.40 17.78 771.3 C E 3.27
DALWOGAN 9 TT 29 15.41 147.88 17.49 1 0.20 42.30 0.00 30 15.61 148.51 20.46 703 D D 2.22
DALWOGAN 12 TT 90 102.20 11.29 8.91 0 0.00 N/A N/A 90 102.20 11.29 8.91 848 A E 12.05
CONDABRI MB9H NEO 8 4.80 38.26 14.59 1 0.87 83.29 0.00 9 5.66 42.25 19.76 571 D D 0.99
CONDABRI SOUTH 6 NEO 19 6.80 31.68 12.08 0 0.00 N/A N/A 19 6.80 31.68 12.08 545.16 D E 1.25
CONDABRI 13 NEO 5 1.03 51.25 15.43 2 4.38 81.21 40.62 7 5.41 55.09 25.34 1013.54 D E 0.53
DUKE 14 NEO 35 14.31 47.33 18.46 0 0.00 N/A N/A 35 14.31 47.33 18.46 1015 D E 1.41
TALINGA 31 NEO 0 0.00 N/A N/A 4 4.22 77.18 21.78 4 4.22 77.18 21.78 586.5 E D 0.72
DUKE 22 NEO 12 3.31 56.15 18.71 0 0.00 N/A N/A 12 3.31 56.15 18.71 950 D E 0.35
ORANA 12 NEO 2 0.27 44.80 34.52 2 2.50 100.76 4.86 4 2.77 86.19 35.66 503.1 D D 0.55
GILBERT GULLY 18 NEO 18 28.75 23.90 26.13 0 0.00 N/A N/A 18 28.75 23.90 26.13 828.7 C E 3.47
WAAR WAAR 16T NEO 11 8.16 53.72 24.14 0 0.00 N/A N/A 11 8.16 53.72 24.14 538.5 D E 1.51
WSM Quality Rank (DITF) % coverage of SIsBreakout DITF TotalWell Region
Stress Indicators
data interval (m) WSM Quality Rank (BO)
A B C D E Total BO DITF Count Mean (°N) R SD (°) Conf. Type Count Mean (°N) R SD (°) Count Mean (°N) R SD (°)
Lachlan and Thomson 0 2 3 2 3 10 1 4 5 101.75 0.793 19.53 95 4 7 110.50 0.739 22.27 5 108.29 0.654 26.42
Taroom Trough 1 1 2 26 14 44 4 0 4 60.16 0.625 27.76 <90 6 30 83.05 0.504 33.52 20 84.59 0.558 30.93
New England Orogen 0 0 1 10 7 18 1 0 1 23.90 1 - <90 - 12 56.36 0.728 22.82 9 52.13 0.804 18.94
Total 1 3 6 38 24 72 6 4 10 81.33 0.443 36.57 <90 6 49 79.65 0.479 34.75 34 77.51 0.499 33.79
A-C Type Statistics A-C Statistics A-E Statistics Well Total SHmax
Region
Count
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3.5.2 Changes in in situ stress magnitude with depth 
Figure 3.7 displays the mechanical earth models overlying a simplified cross section of the 
Bowen and Surat Basins. These profiles illustrate significant variations in horizontal stress 
magnitude with both depth and proximity to basement structures. Durham Ranch 164 
(Figures 3.1, 3.3 and 3.7) lies on the western flank of the Taroom Trough, overlying the 
Timbury Hills basement of the Lachlan and Thomson Orogens. The stress profile for this 
well displays a gradually increasing horizontal differential stress with depth. Calibrated 
stress profiles suggest a dominantly strike-slip stress regime for the entire well section. 
However, above approximately 600 m below ground level (bgl) the magnitude of SHmin and 
SV are very similar, and above 400m bgl, SV is attributed as the least principal stress. This 
transition from a reverse to a strike-slip tectonic regime with depth is also observed over 
the Taroom Trough (Lucky Gully 9, Woleebee East 5 (Figures 3.1, 3.3 and 3.7). In both 
Lucky Gully 9 and Woleebee East 5, a lower magnitude in horizontal differential stress 
after model calibration is observed than that seen in Durham Ranch 164. The rate of 
increase in horizontal stress magnitude with depth also decreases with depth, such that 
the models for Lucky Gully 9 and Woleebee East 5 suggest a second tectonic regime 
transition from strike-slip to normal below approximately 800 m bgl. This trend is also 
observed over the LBFS in Dalwogan 12 (Figures 3.1, 3.3 and 3.7). The SHmin in Dalwogan 
12 is well calibrated to 5 DFITs (Flottman et al. 2013) (Table 3.2), and the rate at which 
SHmax and SHmin increase with depth decreases below ~700m bgl. Dalwogan 12 also 
exhibits a higher differential horizontal stress magnitude than that observed in the centre of 
the Taroom Trough. Over the NEO (Duke 22, Gilbert Gully 18, Waar Waar 16), a 
consistent reverse to strike-slip tectonic regime is observed. However, horizontal 
differential stress lowers with distance to the LBFS, such that the stress state at Gilbert 
Gully 18 and Waar Waar 16 is almost isotropic (SHmax ≈ SHmin ≈ SV). 
  
Figure 3.7 One-dimensional mechanical earth models for seven wells identified in Figures 3.1 and 3.3, over a schematic cross section (A-
B, Figure 3.3b). Horizontal differential stress magnitude is highest over the Lachlan and Thomson orogens, and over the Leichhardt-
Burunga Fault System. Conversely, horizontal differential stress magnitude is lower over the Taroom Trough, where the basement is 
deeper below cover. Stress magnitudes are approximately isotropic over the New England Orogen. 
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3.6  Discussion 
3.6.1 In situ stress variations in the Surat Basin 
The results presented in this paper indicate that horizontal in situ stresses are highly 
variable across the Surat Basin, in terms of both orientation and magnitude, on a variety of 
scales. The observations indicate a rotation of SHmax hinging around the Taroom Trough 
and the LBFS. The one dimensional mechanical earth models reveal that the differential 
stress increases with depth, however the highest differential stresses are observed over 
the Lachlan and Thomson Orogen (Durham Ranch 164, Figure 3.7) and the LBFS 
(Dalwogan 12, Figure 3.7). Conversely the centre of the Taroom Trough and the 
southeastern NEO (Waar Waar 16 and Gilbert Gully 18) exhibit a low differential stress. 
SHmax orientation is also highly variable in the Taroom Trough, with statistical analysis 
revealing lower R values in the Taroom Trough compared to the Lachlan and Thomson 
and New England Orogens (Table 3.4). The one dimensional mechanical earth models 
also indicate a transition from a reverse tectonic regime to a strike-slip tectonic regime in 
the shallow sections of the wells (~<400m). This trend is corroborated by tiltmeter data in 
the Dalwogan and Woleebee East areas presented by Flottman et al. (2013) (Appendix C). 
The tiltmeter data were collected during hydraulic fracturing of discrete isolated zones 
within a well by measuring the energy response of the initiated fracture on the surface via 
multiple tiltmeters arranged around the well. These data suggest that fractures initiated 
and propagated by hydraulic stimulation within the top ~500m of the Surat Basin exhibit a 
stronger horizontal component, whereas fractures propagated below ~500m exhibit a 
stronger vertical component (see Table 1, 2a and 2b in Appendix C). We attribute the 
stress field heterogeneity as occurring due to two main influences: (1) Localized 
perturbations surrounding basement-rooted faults and associated stratigraphic 
juxtaposition; and (2) Large-scale trends resulting from regional lithology variations and 
proximity to the geomechanically weaker trough.  
 
Despite the absence of basement intersection in all but one of the investigated wells 
(Reids 1), these data suggest that the stress state in the overlying Surat Basin is locally 
affected by basement structures. The LBFS is a prime example of a mechanical boundary 
within the study area. The period of regional compression responsible for the activation of 
the LBFS occurred in the Triassic (Holcombe et al. 1997b, Korsch et al. 2009b)(Holcombe 
et al. 1997b, Korsch et al. 2009b). Beneath the Mesozoic Surat Basin, the LBFS 
juxtaposes the Bowen Basin against the NEO. Consequently, the rotation of SHmax to the 
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north, parallel to the fault system at Dalwogan 12 (Figure 3.6), and the associated increase 
in the differential stress (Figure 3.7) are likely manifestations of this fault system present 
below the Surat Basin and the associated juxtaposition of rock mechanical properties 
either side of the fault, suggesting that the LBFS is mechanically weaker than the 
surrounding rocks (Bell 1996b). Similar in situ stress rotations have been observed with 
proximity to fault systems in basins worldwide, including the North Sea and the Gulf of 
Thailand (Aleksandrowski et al. 1992, Bell 1996b, Tingay et al. 2006, Tingay et al. 2010b). 
East of the LBFS, the mean SHmax orientation is approximately NE-SW, with a standard 
deviation between 18 and 23 degrees (Table 3.4). Whereas west of the fault system, in the 
Taroom Trough, the mean SHmax orientation is approximately E-W, with a standard 
deviation between 27 and 34 degrees (Table 3.4). As the depth to basement decreases 
over the Lachlan and Thomson Orogens, the differential stress gradually increases and a 
mean WNE-ESE SHmax orientation is present, with a standard deviation between 19 and 27 
degrees. 
 
The southeastern NEO, near Gilbert Gully 18 and Waar Waar 16 wells is 
comparatively tectonically benign, despite overlying a significant basement contact (Peel 
Fault; Figures 3.3 and 3.6). Unlike the LBFS, there is little evidence that the Peel Fault has 
been active since the deposition of the Surat Basin; Basement is shallow in this area, but 
there is no significant basement topography present (Figures 3.3b, 3.6). Gilbert Gully 18 
and Waar Waar 16 both exhibit a NE-SW SHmax orientation, consistent with other wells 
within the NEO (Figure 3.6), but the differential stress observed within the stress profiles 
for these wells is lower than in wells closer to the Taroom Trough (Duke 22, Dalwogan 12, 
Figure 3.7). This suggests that some degree of mechanical juxtaposition is necessary 
across a basement fault in order to exhibit stress perturbations in the overlying lithology. 
However it is worth noting that data coverage within the southeastern NEO is relatively 
sparse, and additional data points within this region may highlight further variations. 
 
On a basin wide scale, there is an apparent relationship between basement 
topography and tectonic stress. Our results indicate that an increase in Bowen Basin 
thickness correlates with a diminishing influence of tectonic stress with depth in the Surat 
Basin. Stress deviations associated with changes in the mechanical properties of rocks 
have been well documented on a local (Teufel 1991, Aleksandrowski et al. 1992, Martin & 
Chandler 1993, Bell 1996b) and regional (Bell 1996b, Zhao & Müller 2003, Dyksterhuis et 
al. 2005a, Dyksterhuis et al. 2005b, Dyksterhuis & Müller 2008, Müller et al. 2012) scale. 
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Basement within the study area is composed of metasedimentary rocks and granites 
within the Lachlan and Thomson Orogens, and of volcanic and sedimentary magmatic arc, 
forearc basin and accretionary wedge deposits within the NEO (Figure 3.3). While the 
majority of these basement lithologies are not crystalline, on a bulk scale the 
Lachlan/Thomson and New England Orogens potentially exhibit geomechanically “harder” 
properties (higher Young’s Modulus, density and/or compressive rock strength) relative to 
the marine to fluvio-lacustrine units of the overlying Bowen and Surat Basins. The locally 
observed stress patterns likely resulted from the interaction between these local 
mechanical heterogeneities and the far field stress regime. Consequently, where 
basement is shallower (New England Orogen region, Lachlan & Thomson region), there is 
a higher proportion of “harder” units directly underlying the Surat Basin than where 
basement is deeper (Taroom Trough region). 
 
We propose that the observed stress variations in the Surat Basin can be attributed 
to a higher overall Young’s Modulus over the Lachlan and Thomson Orogens and the NEO 
compared to the Taroom Trough, and the orientations observed are the result of applying 
a relatively isotropic regional stress to the N-S trending trough, such that local structural 
variations are more influential on the in situ stress state. The scatter observed in stress 
orientation, and the lower stress magnitudes observed in the Taroom Trough, can 
consequently be attributed to the dampening of tectonic stress within the geomechanically 
“softer” trough, acting as a regional control on in situ stress. Additionally, the increase in 
differential stress with proximity to the LBFS observed within the NEO indicates that the 
mechanical juxtaposition caused by the LBFS is a much more localised focus of tectonic 
stress. 
 
3.6.2 The Surat Basin as an Australian stress province 
Statistical analysis of the entire Surat Basin as a single stress province reveals an overall 
E-W SHmax orientation, but with a significant variability (standard deviation of 33 to 37 
degrees) (Table 3.4). According to the methodology of Hillis & Reynolds (2000, 2003), 
Rayleigh analysis designates the Surat Basin as a type 6 stress province. This result 
suggests that over the entire study area, there is minimal horizontal stress anisotropy, and 
consequently, local structure is more influential than the far field plate boundary forces on 
the in situ stress field. This assessment corresponds with the observations made in the 
previous section, and is consistent with the observed 068°N SHmax orientation in the 
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Clarence-Moreton Basin to the east (Rajabi et al. 2015). However, we note that if the 
Lachlan and Thomson region was considered a separate stress province, it would be 
designated a type 4 stress province with a mean WNW-ESE SHmax orientation, suggesting 
the potential of a greater influence of the far field stress, and a lesser influence of local 
stress perturbations, over the western part of the Surat Basin. 
 
 These data provide a significant contrast to the observations within the Bowen and 
Sydney Basin stress provinces. The Bowen Basin is located approximately 500 km to the 
north (Figure 3.2b), and is a type 1 stress province with a mean SHmax orientation of 14°N 
(Hillis et al. 1999, Hillis & Reynolds 2000, 2003). The Sydney Basin is approximately 750 
km to the south (Figure 3.2b), and is a type 4 stress province with a mean SHmax orientation 
of 54°N (Hillis et al. 1999, Hillis & Reynolds 2000, 2003). The Surat Basin data match the 
predicted stress states from previous modelling attempts to varying degrees (Figure 3.2). 
The ~NNE-SSW SHmax orientation predicted from the stress trajectory map of Hillis & 
Reynolds (2000, 2003) appears consistent with the stress state over the NEO, but less so 
for the rest of the Surat Basin (Figure 3.2b). The finite element modelling produced by 
Reynolds et al. (2002, 2003) predicts the overall stress isotropy, but there is discrepancy in 
the orientation of the principal horizontal stress orientations (Figure 3.2b). Conversely, the 
modelling of Dyksterhuis et al. (2005a), Dyksterhuis et al. (2005b), Dyksterhuis and Müller 
(2008), Müller et al. (2012) reflects the overall E-W orientation of SHmax within the Surat 
Basin, but overestimate the magnitude of differential stress (Figure 3.2c). 
 
 From these modelling attempts, the in situ stress state in eastern Australia has 
been explained primarily as a combination of complex plate boundary interactions on the 
northern and eastern margins of the Indo-Australian Plate and regional heterogeneities in 
rock mechanical properties, although the relative influence of mechanical heterogeneities 
is disputed. The overall stress state within the Indo-Australian plate is attributed to north-
northeast plate movement and consequent stress focussing at the Himalayan, Papua New 
Guinean and New Zealand collisional boundaries (Coblentz et al. 1995, Coblentz et al. 
1998, Hillis et al. 1999, Hillis & Reynolds 2000, Sandiford et al. 2004, Heidbach et al. 
2007), However modelling attempts by Reynolds et al. (2002, 2003) require additional 
plate boundary interaction on the northern and eastern plate margin in order to provide a 
best fit match to stress observations in eastern Australia. In particular, stress observations 
within the Bowen Basin require compression along the Solomon and New Hebrides 
subduction zones, and the stress state in the Sydney Basin requires compression along 
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the Tonga-Kermadec subduction zone to the east, in addition to compression along the 
New Zealand collisional boundary. Alternatively, modelling by Dyksterhuis et al. (2005a), 
Dyksterhuis et al. (2005b), Dyksterhuis and Müller (2008), Müller et al. (2012), which 
attempts to account for rheological differences across the Surat Basin, Bowen Basin and 
exposed NEO, suggests a higher differential stress over the Surat Basin than the Bowen 
Basin, which is modelled as almost isotropic. However these observations are contrary to 
the consistent SHmax orientations and magnitudes observed in the Bowen Basin by Hillis et 
al. (1999). Our results, in conjunction with stress observations from the Bowen Basin (Hillis 
et al. 1999) and the Clarence-Moreton Basin (Rajabi et al. 2015) indicate a significant 
mismatch between observed stress orientations and/or magnitudes versus those predicted 
from previous regional stress modelling attempts. 
 
 We propose a conceptual model for the low horizontal stress anisotropy and the E-
W SHmax orientation observed in the Surat Basin as a consequence of the basin’s situation 
within the easternmost extent of the ’area of divergence‘. This area runs east to west 
through central Australia and is characterised by an approximately E-W or poorly defined 
regional stress (e.g. the Cooper Basin stress province, the Flinders Ranges stress 
province, the Sydney Basin stress province, Clarence-Moreton Basin stress observations) 
(Hillis & Reynolds 2000, Rajabi et al. 2015). The area of divergence is interpreted to be a 
zone where the plate boundary forces are relatively balanced (Hillis & Reynolds 2000, 
Clark & Leonard 2003). Hence the Surat Basin is situated in an area under the influence of 
plate boundary compressional forces from the northeast (Papua New Guinea collisional 
boundary, Solomon subduction zone, New Hebrides subduction zone) east (Tonga-
Kermadec subduction zone) and southeast (New Zealand collisional boundary) (Reynolds 
et al. 2002, 2003, Sandiford et al. 2004). These plate boundary forces, acting in 
contrasting orientations, potentially interfere with and counteract each other, producing low 
tectonic stress anisotropy within the area of divergence (Figure 3.8). Note that this 
conceptual model only considers geometrical balance of plate boundary forces, and does 
not account for mass balance. Low stress anisotropy across the Surat Basin potentially 
explains why basement structure is so influential on in situ stress within the Surat Basin at 
the local scale. Closer towards the Bowen Basin, it is assumed that the influence of the 
Papua New Guinea collisional boundary and the Solomon and New Hebrides subduction 
zones on the in situ stress regime increases, resulting in the clear NNE-SSW stress 
orientation and high stress anisotropy observed. However, the transition from an E-W 
stress province with low stress anisotropy to a NNE-SSW stress province with high stress 
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anisotropy over 500 kilometres is a significant change in stress state, and consequently 
the mechanical properties of the Surat Basin itself may also be acting to regionally 
dampen the tectonic influence on in situ stresses. 
 
 
 
3.7  Conclusions 
Interpretation of wireline data has revealed a highly variable in situ stress state in the Surat 
Basin, which changes in both orientation and magnitude with proximity to basement 
structures and with depth. The Lachlan and Thomson Orogens are characterised by a 
relatively consistent WNW-ESE SHmax and a locally high differential stress, resulting in a 
dominantly strike-slip tectonic regime. The Taroom Trough is characterised by an 
approximately E-W SHmax orientation with significant scatter, and a low differential stress. 
The influence of tectonic stress diminishes with depth in the Taroom Trough such that 
there is a transition from a strike-slip to normal tectonic regime at approximately 800 m bgl. 
The eastern margin of the Taroom Trough is defined by the LBFS, which exhibits a high 
differential stress and an approximately N-S SHmax orientation. Over the NEO, the stress 
regime is approximately NE-SW and the differential stress is higher than that observed in 
the Taroom Trough, although in the southeast, stresses are approximately isotropic. Over 
the entire region, a transition from a reverse tectonic regime to a strike-slip tectonic regime 
is apparent at approximately 400 m bgl. At the local scale these variations in stress 
orientation and magnitude are attributed to a higher overall Young’s Modulus in the 
Figure 3.8 Plate boundary forces 
acting on the northeastern margin of 
the Indo-Australian plate as 
characterised by Reynolds et al. (2002, 
2003). PNG(cb) = Papua New Guinea 
collisional boundary, SM(sz) = 
Solomon subduction zone, NH(sz) = 
New Hebrides subduction zone, TK(sz) 
= Tonga-Kermadec subduction zone, 
NZ(cb) = New Zealand collisional 
boundary. Red square marks Figure 
3.1 extent. Figure modified from 
Reynolds et al. (2002). 
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Lachlan and Thomson Orogens and NEO compared to the Taroom Trough, with the 
application of a regional stress resulting in the “harder” orogens bearing a higher 
differential stress as well as a deflection in the stress orientation around mechanical 
boundaries. At the regional scale, the Surat Basin is a type 6 stress province with a mean 
E-W SHmax orientation. This is a stark contrast to the stress state observed in the Bowen 
Basin to the northwest, but similar to stress observations in the Clarence-Moreton Basin to 
the east. The stress state in the Surat Basin is attributed to the force balance along the 
northern and eastern boundary of the Indo-Australian plate, resulting in low horizontal 
stress anisotropy and therefore allowing local basement structures to be influential on the 
in situ stress state. 
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Chapter 4: Synthesis 
 
4.1 Introduction 
The previous chapters have outlined the structure of the New England Orogen (NEO) in 
the area of the Texas Orocline and its effect on in situ stress distribution in the overlying 
Surat Basin. Chapter 2 identified significant structural features both intersecting the NEO 
basement, and corresponding to the development of the Texas Orocline from the Early 
Permian to Triassic. Chapter 3 investigated the stress distributions within the overlying 
Surat Basin and related these to basement structures. In this chapter I propose a model 
for the tectonic evolution of the Texas Orocline, in the context of the geophysical 
observations shown in Chapter 2. Additionally, the most influential tectonic events on the 
modern day stress state are identified, namely early Permian rifting, and Permian to 
Triassic Hunter Bowen compression. 
 
4.2 Model for the tectonic evolution of eastern Australia. 
The analysis of geophysical data presented in Chapter 2, in particular the presence of 
extensional faulting on the western limb of the Texas Orocline and the deviation of the 
Bowen Basin subtrough parallel to the Texas Orocline (Figure 2.8, Figure 2.9b, Figure, 
Figure 2.13), support the hypothesis that the initial curvature of the Texas Orocline 
occurred contemporaneously with early Permian rifting in eastern Australia (Li et al. 2012, 
Rosenbaum et al. 2012). This was followed by subsequent periods of strike-slip faulting 
and compressional deformation, which further tightened the curvature of the Texas and 
Coffs Harbour Oroclines, and defined the stress provinces within the Surat Basin identified 
in Chapter 3. Figure 4.1 outlines a schematic model demonstrating these ideas. We 
assume the NEO to be a near-linear Andean style west dipping subduction boundary in 
the Devonian-Carboniferous (Figure 4.1a), representing the eastern margin of 
Gondwanaland, and segmented by a basement structure along the ~E-W boundary of the 
Lachlan and Thomson orogens (TLB, Figure 4.1a) (Glen et al. 2013). 
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Figure 4.1 Schematic illustration showing the evolution of the Texas Orocline: a) Devonian- 
Carboniferous subduction. b) Carboniferous to early Permian trench retreat and backarc extension, 
with faster trench retreat occurring over the present day northern NEO. c) Permian dextral 
transpression resulting in dextral movement along the West Ipswich Fault. d) Permian dextral 
transpression, with movement along the West Ipswich Fault switching to antithetic sinistral 
movement owing to pinning following orocline development. e) Late Permian to Triassic (Hunter-
Bowen) contractional deformation. Major structural elements: Thomson-Lachlan boundary (TLB), 
eastern Bowen Basin faults (EBF), West Ipswich Fault (WIF), Mount Mia metamorphic core complex 
(MM), Silver Spur Subprovince and Ashford Basin (SS), Yarraman Subprovince (YS). 
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4.2.1 Early Permian extension 
During the Late Carboniferous to Early Permian (~305-280 Ma) (Figure 4.1b), Eastern 
Australia underwent a period of extension associated with slab retreat (Jenkins et al. 2002, 
Korsch et al. 2009a, Waschbusch et al. 2009, Rosenbaum et al. 2012). This period 
resulted in the initiation of a series of approximately north-south trending back arc basins 
to the immediate west of the NEO, identified as the Early Permian East Australian Rift 
System (Korsch et al. 2009a). This system includes the Denison and Taroom Troughs of 
the Bowen Basin (Figure 2.1). On the eastern margin of the Taroom Trough, early Permian 
extensional deformation has largely been overprinted by later compressional deformation. 
However geophysical analysis in Chapter 2 revealed evidence of extensional faulting in 
the eastern Bowen Basin, including extensional faults within the Auburn Arc (Figure 2.9b) 
and the Bowen Basin subtrough (Figures 2.8, 2.9b). These faults are labelled as eastern 
Bowen extensional faults (EBF) in Figure 4.1b. 
 
Within the northern NEO, the West Ipswich Fault and the Mount Mia metamorphic 
core complex (MM, Figure 4.1b) were also potentially active as extensional faults during 
this period (Little et al. 1992, Holcombe et al. 1997b). These faults exhibit a similar strike 
orientation to the approximately N-S trending faults of the Bowen Basin. In the southern 
NEO, fault bounded remnants of early Permian basins (Silver Spur Subprovince, Ashford 
Basin) (SS, Figure 4.1b) overlie the Texas Beds. The southern NEO fault bounded basins 
show remarkably different geometry to the early Permian faults of the northern NEO and 
the Bowen Basin, instead curving along the structural fabric of the Texas Orocline (Figure 
2.13a). 
 
Assuming these southern NEO basins were contemporaneous with the 
development of the northern NEO faults and extensional faulting in the Bowen Basin, it 
follows that oroclinal bending occurred after early Permian basin development. However, 
more extensional deformation is observable in the northern NEO and adjacent Bowen 
Basin (Denison Trough extensional faults, eastern Bowen extensional faults, West Ipswich 
Fault, Mount Mia metamorphic complex) than in the southern NEO (Silver Spur 
Subprovince, Ashford Basin), suggesting different rates of extension in the northern and 
southern NEO. Consequently, higher rates of slab rollback in the northern NEO compared 
to the southern NEO may have led to the initial curvature of the Texas beds and the 
overlying early Permian basins (SS, Figure 4.1b) (Li et al. 2012), somewhat analogous to 
the Miocene to Quaternary development of the Carpathian Mountains (Royden et al. 1982, 
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Royden 1993, Rosenbaum 2014). The border between the Lachlan and Thomson orogens 
(TLB, Figure 4.1a) potentially defined the boundary between slower slab rollback (southern 
NEO, east of the Lachlan Orogen) and faster slab rollback (Northern NEO, east of the 
Thomson Orogen).   
 
The early Permian period was also accompanied by the emplacement of extension-
related magmatism in the NEO (Rosenbaum et al. 2012). Extensional faulting appears to 
have migrated westward with time, with the earliest evidence occurring over the NEO 
during the late Carboniferous, and the half grabens within the Bowen Basin and Denison 
Trough occurring later at ~285 Ma (Korsch et al. 2009a). 
 
4.2.2 Early to Late Permian thermal relaxation 
Shortly after the development of extensional basins at around 280 Ma, backarc extension 
ceased in the Bowen Basin, possibly due to trench advance (Briggs 1993, Jenkins et al. 
2002). As the lithosphere cooled, the Bowen Basin underwent a phase of thermal sag, with 
little evidence of tectonic interference during this period (Holcombe et al. 1997a). At the 
same time, magmatism ceased in the NEO, indicating that the plate boundary had possibly 
changed to a transform boundary (Cawood et al. 2011a). Following earlier interpretation 
(Li et al. 2012, Rosenbaum et al. 2012), it is assumed that dextral strike-slip faulting during 
this period was responsible for a second stage of oroclinal bending in the Texas Orocline 
(Figure 4.1c). A switch to antithetic sinistral faulting along the West Ipswich Fault and 
within the North D’Aguilar Subprovince was also potentially active during this period 
(Figure 4.1d), as indicated by observed offsets in aeromagnetic and gravity data (Figures 
2.10, 2.12) (Babaahmadi & Rosenbaum 2014b), and outcrop structural fabrics within the 
Yarraman and South D’Aguilar subprovinces (Cranfield et al. 2001).The reason for this 
switch to antithetic movement along the West Ipswich Fault is unclear. A possible 
explanation is southward movement of the northern NEO becoming locked following 
tightening of the Texas and Coffs Harbour oroclines. Further southward movement may 
have been accommodated by the “telescoping” of accretionary complex units west of the 
West Ipswich Fault, and over the forearc basin units, resulting in the current position of the 
Yarraman Supbrovince relative to the D’Aguilar subprovinces (Figures 2.4a, 4.1d). 
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4.2.3 Late Permian to Middle Triassic compression (Hunter Bowen Orogeny) 
From the late Permian to Middle Triassic (~265-230 Ma), southeast Queensland was 
subjected to approximately E-W contraction associated with the Hunter-Bowen Orogeny. 
This contraction reactivated the NEO as a retroforeland thrust belt, with a thrust front 
which moved progressively westward over time (Korsch et al. 2009b). Within the NEO, the 
Hunter Bowen Orogeny was accompanied by calc-alkaline magmatism (Holcombe et al. 
1997b) (Figure 4.1e). ~E-W contraction was possibly responsible for further tightening of 
the Texas Orocline (Holcombe et al. 1997b). In addition, during this period thrust faults 
were developed and/or reactivated along the western margin of the North D’Aguilar Block, 
and folding occurred in the Esk Trough, possibly in response to dextral wrench faulting 
along the eastern boundary of the trough (Holcombe et al. 1997b). 
 
The last significant compressional deformation associated with the Hunter Bowen 
Phase, the Goondiwindi event (Korsch et al. 1998), was responsible for the activation of 
the Leichardt-Burunga Fault System (LBFS) and Goondiwindi-Moonie Fault System 
(GMFS) at ~230 Ma (Figure 4.1e). These faults mark the westernmost limit of crustal scale 
thrust faulting associated with foreland loading, and display significant throw, juxtaposing 
NEO units of the Tamworth Belt and the Auburn Arc against Mid Triassic Bowen Basin 
sediments (Wartenberg et al. 2003) (Figure 2.9b, Figure 4.2c,d). Wartenberg et al. (2003) 
noted the presence of Bowen Basin sediments east of the Moonie Fault (Figure 4.2c), 
suggesting that whilst the LBFS and GMFS currently define the eastern extent of the 
Bowen Basin, it would have extended farther eastward prior to the Goondiwindi event. This 
is also corroborated by the presence of the Bowen Basin subtrough to the east of the 
LBFS, early Permian basin rocks overlying the exposed NEO (Silver Spur Subprovince, 
Ashford Basin (Figure 2.4b)), and palaeogeographic analysis by Fielding et al. (2000), 
which suggest that the Bowen Basin extended further east than the present day coastline 
during the late Permian. The Peel Fault may have also been reactivated during 
Goondiwindi compression, however seismic interpretation does not provide any conclusive 
information that suggests deformation along the Peel Fault during this period (Wartenberg 
et al. 2003). The Hunter Bowen Orogeny was followed by late Triassic peneplanation, 
which involved over 4 km of uplift and erosion, and represented nearly 30 Myr of non-
deposition and/or erosion before the deposition of the Surat Basin (Korsch et al. 2009a). 
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4.2.4 Post Triassic deformation 
Later stages of deformation are also noticeable in the geophysical data but likely did not 
play a major role in development of the Texas Orocline. Evidence for contractional 
deformation in the Late Cretaceous has been reported in previous studies (Wartenberg et 
al. 2003, Wartenberg 2005, Korsch et al. 2009c, Babaahmadi & Rosenbaum 2014b). 
Seismic data along the western margin of the Texas Orocline show fault growth into the 
base of the Surat Basin and gentle folding of the overlying Surat Basin associated with 
reactivation of Triassic fault systems (Moonie, Tingan and Leichhardt faults; Figure 4.2). 
Figure 4.2 a) Location of seismic transects Extent is the same as Figure 2.9a. b), c) and d) Seismic 
transects across the western limb of the Texas Orocline, displaying evidence of pre-Mesozoic 
reverse faulting, and the potential reactivation of those faults during the Cretaceous. Mesozoic 
basins are green, Permian-Triassic basins are blue, Devonian-Carboniferous NEO rocks are red. 
Thrust Faults are red lines. 
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The West Ipswich Fault also extends into the Mesozoic cover, and deforms the 
sedimentary rocks of the overlying Clarence-Moreton Basin (Figure 2.9c). Additionally, the 
dextral offset of aeromagnetic lineaments along the Demon Fault (L7a, Figure 2.10) 
suggest that tightening of the eastern limb of the Texas Orocline, and the Coffs Harbour 
Orocline continued into the Mesozoic (Babaahmadi & Rosenbaum 2013). While post-
Hunter Bowen deformation was not directly related to oroclinal bending, contractional fault 
reactivation may have further tightened the pre-existing oroclinal structure.  
 
4.3 Development of the Surat Basin stress subprovinces 
The stress subprovinces across the Surat Basin identified in Chapter 3, namely the 
Lachlan and Thomson, Taroom Trough and NEO subprovinces, were defined based on 
local and regional scale mechanical heterogeneities in the underlying lithology. The initial 
separation of the Lachlan and Thomson and NEO subprovinces occurred during the 
development of the Early Permian East Australian Rift System, when the Bowen Basin 
was developed under backarc basin conditions. Evidence for Early Permian extension in 
the Denison Trough is observable in seismic data, which clearly show the development of 
half grabens during this period. However, similar extensional structures are not observed 
within seismic data in the Taroom Trough (Korsch et al. 2009a). Alternatively, the rift origin 
of the Taroom Trough has been implied by the presence of the Meandarra Gravity Ridge, 
which is a high Bouguer gravity anomaly that trends approximately north-south in the 
middle of the Taroom Trough (Figure 4.3) (Krassay et al. 2009).The segmented and 
asymmetric nature of the Meandarra Gravity Ridge has been likened to rift geometry such 
as that seen in modern East Africa, and has inconclusively been attributed to mafic infill in 
a rift basin (Korsch et al. 2009a, Krassay et al. 2009). If so, this event may have created 
the accommodation space necessary for the deposition of shallow marine Bowen Basin 
sediments over the pre-existing Palaeozoic orogens. 
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The Hunter Bowen Orogeny occurred during a long period of basin development in 
the Bowen Basin (Waschbusch et al. 2009). The thermal sag phase of Bowen Basin 
deposition was interrupted by the retroforeland loading to the east (Korsch et al. 2009a) at 
approximately 265 Ma (Korsch et al. 1998). This transition from thermal subsidence to 
retroforeland loading is observable as a major angular unconformity in the middle Permian 
Bowen Basin sequence termed the Aldebaran Event (Korsch et al. 1998). The remaining 
foreland loading period is marked both by minor unconformities in Bowen Basin 
stratigraphy, and inversion structures on Early Permian extensional faults on the western 
margin of the Bowen Basin (Korsch et al. 2009b). This period of foreland loading was also 
responsible for defining the Mimosa Syncline, the axis of which runs along the central axis 
of the present day Taroom Trough (Korsch et al. 2009c). Subsidence curves across the 
Bowen Basin and Denison Trough show that the influence of foreland loading moved 
westward with time across the Bowen Basin (Korsch et al. 2009a). The Taroom Trough 
stress subprovince was mostly defined during the Hunter Bowen foreland loading phase 
through rapid sedimentation and the development of the Mimosa Syncline. 
 
Figure 4.3 Bouguer 
gravity image of 
southeastern 
Queensland and 
northeastern New 
South Wales. The 
Meandarra Gravity 
Ridge is highlighted in 
yellow. The curvature 
of the structural fabric 
of the Texas and Coffs 
Harbour is highlighted 
by red and blue dashed 
lines, respectively. 
Major fault systems of 
the New England 
Orogen are indicated 
by white dashed lines. 
Colour scale and 
extent are the same as 
data in Figure 2.3. 
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Image log interpretation presented in Chapter 3 identified significant local stress 
rotation and a higher differential stress with proximity to the LBFS. This fault system also 
marked the boundary between the lower differential stress and inconsistent orientations 
associated with the Taroom Trough, and the more consistent and higher differential stress 
conditions of the NEO. As mentioned previously, the LBFS was initiated during the 
Goondiwindi event, which was the last significant tectonic event associated with the Hunter 
Bowen Orogeny (Korsch et al. 1998). The development of retroforeland thrusting during 
the Hunter Bowen Orogeny was responsible for the uplift of the NEO over the Bowen 
Basin rocks, and consequently defined the sharp transition between the Taroom Trough 
and NEO stress subprovinces. Conversely, the transition between the Lachlan and 
Thomson and Taroom Trough stress subprovinces is less abrupt due to the gradual 
increase in depth to basement on the western flank of the Bowen Basin. It is also worth 
noting that reactivation of Triassic faults during Cretaceous compression resulted in slight 
deformation of the Surat Basin above the Leichhardt Fault and GMFS (Figure 2.9, Figure 
4.2), and this deformation may also play a role in the rotation of stress orientations parallel 
to the LBFS.   
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Chapter 5: Conclusions 
 
An investigation of geophysical data over southeast Queensland has revealed new 
insights into the subsurface architecture of the Texas Orocline, its development in the 
context of the tectonic evolution of eastern Australia, and the lasting effects of this 
evolution on the in situ stress state in the overlying Surat Basin. 
  
2D seismic interpretation has revealed previously unidentified extensional faulting 
overlying the Auburn Arch, as well as the presence of a subtrough of the Bowen Basin. 
The Bowen Basin subtrough deviates away from the Taroom Trough to the northeast, 
following the structural trend of the western limb of the Texas Orocline. These structures 
indicate that the development of the Texas Orocline was likely associated with the 
formation of the Early Permian East Australian Rift System, and that latitudinal variations 
in the rates of slab rollback were likely responsible for the initial curvature of the Texas 
Orocline. 
 
Bouguer gravity and TMI anomaly data, in conjunction with seismic interpretation 
and the presence of serpentinite in outcrop, have proved useful in defining the Peel-Yarrol 
Fault System below cover. This significant tectonic contact is interpreted to follow the 
curvature of both the Coffs Harbour and Texas Oroclines, and its position between the 
Yarraman Subprovince and the Auburn Arc suggests that the forearc basin is absent 
below cover north of the Texas Orocline. The contorted nature of the contact is the result 
of contractional, sinistral and dextral strike-slip deformation episodes from the early 
Permian to the Mesozoic. 
 
This complex tectonic history, with particular emphasis on early Permian extension 
and the Permian to Triassic Hunter Bowen event, resulted in significant basement 
topography below the overlying Surat Basin, which is influential on the in situ stress state 
within the basin. Analysis of wireline log data has characterised significant variations in in 
situ stress orientation and magnitude across the Surat Basin. Consequently three stress 
subprovinces (Lachlan and Thomson, Taroom Trough and New England Orogen 
subprovinces) have been defined based on observed stress variations in conjunction with 
basement structure. 
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The Lachlan and Thomson Orogen subprovince displays consistent WNW-ESE 
SHmax, high differential stress, and a dominantly strike-slip tectonic regime. The Taroom 
Trough subprovince displays an inconsistent E-W SHmax orientation, and low differential 
stress, with the influence of the tectonic component of stress diminishing with depth. The 
Leichhard-Burunga Fault System separates the Taroom Trough and New England Orogen 
stress subprovinces, and displays high differential stress with an approximately N-S SHmax 
orientation. The New England Orogen subprovince exhibits a NE-SW SHmax and a higher 
differential stress than that observed in the Taroom Trough, with isotropic stresses 
observed in the southeast. 
 
The observed variations in stress orientation and magnitude are attributed to a 
higher Young’s Modulus in the Lachlan and Thomson Orogens and New England Orogen 
compared to the Taroom Trough. The application of a regional plate scale stress results in 
the “harder” orogens bearing greater magnitudes of differential stress. At the regional 
scale, the high variability in both orientation and magnitude of in situ stresses in the Surat 
Basin is attributed to the force balance along the northern and eastern boundary of the 
Indo-Australian plate. These conflicting plate boundary forces, result in low horizontal 
stress anisotropy over the Surat Basin, causing local variations in basement topography to 
influence the in situ stress state. The research highlights the importance of understanding 
tectonic history when defining in situ stresses at the basin scale. 
 
The research presented in this thesis has raised interesting questions regarding the 
architecture of the New England Orogen below cover, and the lasting geomechanical 
effects attributed to its tectonic development. In particular;  
1. the presented findings from the geophysical data suggest that the forearc basin is 
not continuous between the northern and southern New England Orogen.  Future 
research could test this hypothesis through acquisition of higher resolution deep 
seismic lines across the proposed junction of the Auburn Arc and the Yarraman 
Subprovince (north of point X in Figure 2.13), and an extended basement core 
analysis, similar to that conducted by Murray (1997) would prove useful in further 
delineating New England Orogen geology below the Mesozoic basins.  
2. the discussion presented in Chapter 3 relies on the hypothesis that the rocks 
constituting New England Orogen, Thomson Orogen and Lachlan Orogen 
’basement‘ have higher rock strength and Young’s Modulus than the rocks of the 
Bowen Basin. This hypothesis could be tested by conducting mechanical tests, 
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such as single- or multi-stage triaxial tests, in order to determine the mechanical 
properties of the basement underlying the three stress subprovinces of the Surat 
Basin. Ideally these samples would be taken from basement cores, however 
outcrop samples may also suffice. 
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Appendix A: Basement intersecting wells over the New England Orogen 
      
     Geodetic datum: GDA94     Projection: UTM Zone 56J 
Easting Northing Latitude Longitude
ABERCORN 1 319341 7219424 -25.130303 151.207994 2082.2 Camboon Volcanics
ABERDEEN PARK 1 275729 6967977 -27.3931389 150.7319472 1125.4 Combarngo Volcanics
ALICK CREEK 1 255787 6976424 -27.3135278 150.5321111 2697.0 Kuttung Formation
BAYLAM 1 437512 6959531 -27.486394 152.367443 981.0 Undifferentiated Basement
BENDIDEE 1 235939 6865148 -28.3132897 150.3070562 1232.0 Kuttung Formation
BINKEY 1 226319 7082647 -26.35 150.2577778 563.4 Kuttung Formation
BINKEY BAY 1 225817 7074958 -26.4192494 150.2511064 684.9 Kuttung Formation
BOOBERANNA 1 187533 6847318 -28.46336 149.809169 2332.5 Kuttung Formation
BRAEMAR 1 272462 6979658 -27.2872222 150.7011111 1296.8 Kuttung Formation
BRIGALOW CREEK 1 237265 6942519 -27.615857 150.33776 1625.7 Undifferentiated Basement
BULLOCK CREEK 1 234106 7077633 -26.396694 150.33469 465.3 Kuttung Formation
BURUNGA 1 207661 7121224 -25.99842 150.079701 2971.7 Cracow Formation
CABAWIN 1 222423 6955645 -27.4945333 150.1905222 3420.0 Cracow Formation
CAMARA 1 231088 6903286 -27.9684171 150.2663836 1557.7 Kuttung Formation
CAMEBY 1 228152 7047389 -26.6683333 150.2686111 1077.6 Undifferentiated Basement
CANAAN 1 272098 7071459 -26.458979 150.714156 471.7 Camboon Volcanics
CECIL PLAINS WEST 1 318278 6952216 -27.541683 151.159688 1003.4 Undifferentiated Basement
COCKATOO CREEK 1 209215 7169277 -25.565365 150.105752 3564.5 Cracow Formation
COMMORON 1 251008 6846800 -28.481686 150.456657 762.6 Undifferentiated Basement
CROWDER 1 230177 6913441 -27.8766667 150.2594444 1610.7 Kuttung Formation
CURRAJONG 1 226925 6908344 -27.921968 150.225266 1768.2 Kuttung Formation
DEEP CROSSING 1 251767 6959300 -27.467245 150.488033 1571.3 Undifferentiated Basement
DEVONDALE 1 259799 7016769 -26.9503133 150.580484 1014.8 Undifferentiated Basement
DILBONG 1 241218 6947624 -27.570579 150.37887 1615.6 Kuttung Formation
DUNMORE CREEK 1 283582 6951253 -27.5452778 150.8083333 1198.9 Undifferentiated Basement
DURABILLA 1 288941 6950823 -27.55 150.8625 1099.9 Undifferentiated Basement
DURABILLA WEST 1 280538 6948058 -27.5736111 150.7769444 1304.7 Undifferentiated Basement
GREEN SWAMP 1 248591 6960184 -27.458694 150.456098 1736.0 Kuttung Formation
JANDOWAE SOUTH 1 300106 7031385 -26.824805 150.988598 591.2 Undifferentiated Basement
JANDOWAE WEST 1 302822 7042979 -26.720576 151.017737 436.0 Undifferentiated Basement
KEGGABILLA 1 252528 6913819 -27.8775861 150.4863472 1398.6 Kuttung Formation
KILLALOE 1 226793 6919000 -27.825857 150.226376 1677.5 Kuttung Formation
KILLAWARRA 1 238011 6943583 -27.606412 150.345537 1712.9 Kuttung Formation
KOGAN 1 281727 7001932 -27.0877778 150.7986111 885.0 Undifferentiated Basement
KOGAN SOUTH 1 282195 6995660 -27.1444444 150.8022222 1017.9 Undifferentiated Basement
KUMBARILLA 1 281148 6964472 -27.425635 150.786092 1177.8 Undifferentiated Basement
KUMBARILLA EAST 1 286492 6973132 -27.348353 150.841636 1215.1 Undifferentiated Basement
LIDDELL 1 239289 6945366 -27.590579 150.35887 1622.9 Undifferentiated Basement
MARMADUA 2 264260 6965337 -27.415021 150.61553 1266.9 Kuttung Formation
MAXIMA 1 225174 6869180 -28.2747222 150.1983333 2162.7 Kuttung Formation
MIDDLE CREEK 1 234673 6939321 -27.64419 150.310816 1676.6 Kuttung Formation
MILLMERRAN 1 327423 6926552 -27.774459 151.248578 436.3 Undifferentiated Basement
MINIMA 1 217324 6859811 -28.357524 150.116106 2100.5 Kuttung Formation
MINNABILLA 1 230102 6908223 -27.9237028 150.2574972 1584.1 Undifferentiated Basement
MOOGOON 1 259478 6859885 -28.3652778 150.5458333 895.1 Undifferentiated Basement
MOONIE 1 229710 6928153 -27.743913 150.258041 1691.2 Kuttung Formation
MOONIE 12 226282 6924595 -27.775302 150.222486 1717.1 Kuttung Formation
MOONIE 14 229757 6927291 -27.75169 150.258318 1598.5 Kuttung Formation
MOONIE 15 227861 6926318 -27.760084 150.238882 1679.6 Kuttung Formation
MOONIE 16 232068 6930608 -27.722246 150.282484 1718.8 Kuttung Formation
MOONIE 21 227964 6925396 -27.768417 150.239715 1645.0 Undifferentiated Basement
MOONIE 29 229015 6927422 -27.750362 150.250826 1689.4 Undifferentiated Basement
MOONIE 3 231237 6929727 -27.730024 150.273873 1690.5 Kuttung Formation
MOONIE 39 228836 6926895 -27.755082 150.248897 1772.9 Undifferentiated Basement
MOONIE 6 229150 6926231 -27.761135 150.25193 1691.8 Kuttung Formation
MOONIE 7 227036 6925197 -27.770024 150.230264 1689.7 Kuttung Formation
MOONIE NORTH 1 233493 6934367 -27.688635 150.297761 1694.5 Undifferentiated Basement
MURILLA 1 242824 6946950 -27.576967 150.394981 1674.0 Kuttung Formation
NANGWAY 1 298712 6925678 -27.77835 150.957195 1001.4 Undifferentiated Basement
OVERFLOW 1 485456 6909435 -27.939999 152.852161 678.6 Undifferentiated Basement
PARINGA 1 216942 6856446 -28.3877778 150.1113889 2006.6 Undifferentiated Basement
PELHAM 1 229743 7078089 -26.391756 150.291097 581.1 Kuttung Formation
PIPECLAY 1 235281 6906590 -27.939467 150.309709 1533.3 Kuttung Formation
PRING 1 224735 6917936 -27.835024 150.205265 1735.7 Undifferentiated Basement
RIVERVIEW 1 245513 6960189 -27.458079 150.424979 1862.9 Undifferentiated Basement
ROCK CREEK 1 274887 6971756 -27.35891 150.724139 1286.4 Kuttung Formation
ROCKWOOD 1 239014 7013206 -26.9786948 150.3705388 1214.8 Kuttung Formation
ROCKWOOD 2 239421 7012199 -26.9878613 150.3744277 1493.1 Kuttung Formation
ROCKWOOD NORTH 1 241527 7017108 -26.9439724 150.3966493 1174.9 Kuttung Formation
ROPELEY 1 428756 6941174 -27.651672 152.277725 573.0 Buaraba Formation
SAWPIT GULLY 1 264081 6960344 -27.460021 150.612753 1431.8 Kuttung Formation
SCOTIA 1 207641 7126835 -25.9478093 150.0807556 2915.9 Camboon Volcanics
SCOTIA 2 206865 7130548 -25.9141704 150.0738388 2825.0 Camboon Volcanics
SHINGLE HUT 1 226494 7088653 -26.295862 150.260801 480.5 Camboon Volcanics
SPECULATION 1 267167 7069684 -26.474191 150.664407 398.8 Camboon Volcanics
STATION CREEK 1 301824 6924807 -27.7866667 150.9886111 839.3 Undifferentiated Basement
STITCH 1 232715 6896718 -28.0279722 150.2814194 1781.0 Kuttung Formation
Well
Location Data Basement depth 
corrected to    
244 m asl
Basement Lithology
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STOCKYARD CREEK 1 279772 7081083 -26.373357 150.792737 345.8 Undifferentiated Basement
STRATHPINE 1 224098 7077745 -26.393783 150.23449 714.6 Kuttung Formation
STRATHPINE 2 224027 7076835 -26.401973 150.233581 715.0 Kuttung Formation
STRATHPINE 3 224224 7075392 -26.415028 150.235248 722.9 Kuttung Formation
SUNNY CORNER 1 238639 6852254 -28.4300867 150.3316598 1045.0 Kuttung Formation
SUSSEX DOWNS 1 218176 6924473 -27.7747222 150.1402778 3195.7 Kuttung Formation
SWAN CREEK 1 421065 6877487 -28.226115 152.195511 71.8 Undifferentiated Basement
TARA 1 251852 6972792 -27.345578 150.491643 2047.8 Kuttung Formation
THOMPSON 1 246239 6873777 -28.2375 150.4138889 1068.5 Kuttung Formation
TINKER CREEK 1 282793 6927776 -27.7569444 150.7961111 1253.8 Undifferentiated Basement
TIPTON 1 321664 6968458 -27.395572 151.196353 1125.5 Undifferentiated Basement
TOOBEAH 1 194538 6857613 -28.3722222 149.8833333 1798.2 Undifferentiated Basement
TOORA 1 288674 6974155 -27.339464 150.863858 1070.9 Undifferentiated Basement
UNDULLA 1 229410 6985383 -27.2277778 150.2677778 2518.3 Kuttung Formation
URANILLA 1 270001 6903303 -27.9755556 150.6616667 1135.5 Kuttung Formation
WAGGABA 1 294517 6934261 -27.7002778 150.9161111 1129.7 Undifferentiated Basement
WAMBO CREEK 1 262823 7000325 -27.0991667 150.6077778 1309.3 Kuttung Formation
WARRAWA 1 226379 6916735 -27.846195 150.221661 1659.9 Kuttung Formation
WEST BRAEMAR 1 270863 6978903 -27.2937722 150.6848222 1052.5 Kuttung Formation
WEST DOCKERILL 1 230917 6917028 -27.844468 150.267764 1716.5 Kuttung Formation
WIDARA 1 232067 6902322 -27.9773059 150.2761058 1375.4 Kuttung Formation
WIDGEWA 1 230714 6900474 -27.9936949 150.2619394 1784.1 Undifferentiated Basement
WILKIE 1 294720 6926290 -27.7722222 150.9168056 1052.9 Undifferentiated Basement
WILLOWBE 1 229215 6909969 -27.9077778 150.2488889 1623.2 Kuttung Formation
WYBAR 1 233288 6906508 -27.9398038 150.2894529 1465.9 Kuttung Formation
XYLANE 1 236599 7009898 -27.008081 150.34553 928.9 Kuttung Formation
XYLEX 1 242456 7025284 -26.8704083 150.4076833 1229.7 Kuttung Formation
XYL-L 1 235746 7009873 -27.008139 150.336928 1221.8 Kuttung Formation
XYLOIL 1 241718 7015880 -26.9550835 150.398316 1207.8 Kuttung Formation
XYLOIL SOUTH 1 241468 7014705 -26.9656368 150.3955535 1219.4 Kuttung Formation
XYLOLEUM 1 241306 7028538 -26.8408447 150.3967871 922.8 Kuttung Formation
XYLON 1 235365 7021446 -26.9036929 150.3355538 1055.1 Kuttung Formation
YARRALA 1 319386 6998718 -27.1222222 151.1777778 842.9 Undifferentiated Basement
YARRILL CREEK 1 246651 6891621 -28.0766667 150.4219444 995.0 Kuttung Formation
ZIG ZAG 1 296210 6913405 -27.8886897 150.929706 651.5 Undifferentiated Basement
Well
Location Data Basement depth 
corrected to    
244 m asl
Basement Lithology
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Appendix B: Metadata for aeromagnetic and Bouguer gravity datasets  
 
B.1 Magnetic Anomaly Grid of the Australian Region 
Petkovic, P. & Milligan, P. (2002) 
Dataset custodian 
Geoscience Australia 
Dataset jurisdiction 
Australia 
 
Abstract 
These data represent the January 2002 edition of the Magnetic Anomaly Grid of the 
Australian Region. This version is the first integrated onshore/offshore magnetic anomaly 
grid for the complete Australian margin extending across 8S - 52S, 106E - 172E. The grid 
cell size is 0.01 degree (approx. 1 km). Earlier releases were restricted to portions of NW 
and SW Australia. Magnetic anomaly unit is nanoTesla (nT). Appropriate IGRFs have 
been removed. Horizontal datum is GDA94 (which is equivalent to WGS84). 
 
The marine data were levelled independently of the onshore data in three sectors (see 
below). The NNW and SSW sectors were released as grids previously. The eastern sector 
was levelled in 2000 in collaboration with Intrepid Geophysics (Melbourne, Australia). The  
three levelled sectors, together with the unlevelled sectors were combined with the 
onshore grid to give the present grid. Altogether, 3,022,656 data points are in the database 
from which the marine grid was created. 
 
Unlevelled sectors:  (-8  -25  160  172), (-39  -52  156  172), (-46  -52  106  140) 
 
Levelled sectors:  (-37  -52  140  156), (-25  -39  143  172), (-8  -25  143  160), 
(-24  -46  106  140), (-8  -24  106  143) 
 
There are several places at the join between onshore and offshore grids where the two 
grids do not match. The problem exists because the onshore grid was developed earlier, 
and there was poor control on the grid merging process at the margins. Future work will 
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attempt to address this issue and improve the continuity between the onshore and offshore 
grids. 
Search words 
GEOSCIENCES Geophysics 
Geographic extent names 
Australia including external territories  
Geographic bounding box 
N_LAT:  -8 
S_LAT:  -52 
E_LONG:  172 
W_LONG:  106 
Geographic extent polygons 
106 -8, 172 -8, 172 -52, 106 -52, 106 -8 
Data currency: beginning date 
01/01/1963 
Data currency: ending date 
01/01/2002 
Dataset status: progress 
In Progress 
Dataset status: maintenance and update frequency 
As required 
Access: stored formats 
DIGITAL IEEE 2-byte signed integer binary raster BIL (suitable for ER Mapper), 
Geodetic projection, WGS84 Spheroid, WGS84 Datum 
Access: available formats 
DIGITAL ASCII raster. Geographic projection, WGS84 Spheroid, WGS84 Datum 
DIGITAL IEEE 2-byte signed integer binary raster BIL (suitable for ER Mapper), 
Geodetic projection, WGS84 Spheroid, WGS84 Datum 
DIGITAL IEEE 4-byte (32 bit) integer binary raster BIL (suitable for ArcInfo/ArcGIS), 
Geographic projection, WGS84 Spheroid, WGS84 Datum 
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Access constraint 
Licence required 
You can purchase these data on CD from the Sales Centre (www.ga.gov.au/sales/):- 
Petkovic, P. & Milligan, P. 2002. Magnetic anomaly grid of the Australian region, 3.1. 
[CDROM]. Canberra: Geoscience Australia. 
or download a selection for free from the National Geoscience Datasets   
Downloads area (www.agso.gov.au/general/technotes/20011023_32.jsp). 
Data quality: lineage 
The magnetic anomaly grid is a combination of the Magnetic Anomaly Map of Australia 
(3rd edition, derived from aeromagnetic data) and levelled ship-track data. 
 
The onshore grid has been released separately and is available digitally in a higher 
resolution format with a cell size of 15 seconds of arc (approx. 400 m) 
(see GEOMET record 4381(www.agso.gov.au:88/int-
bin/htsqr2?file=im/databases/geomet2.htsqr&dataset_no=4381)), 
and also in 1:5,000,000 and 1:25,000,000 scale hardcopy form as enhanced images. 
Geoscience Australia gratefully acknowledges the contribution of aeromagnetic data and 
assistance by the following organisations: Northern Territory Geological Survey; 
Department of Primary Industries and Resources South Australia;  Department of 
Infrastructure, Energy and Resources Tasmania; New South Wales Department of Mineral 
Resources; Department of Natural Resources and Environment Victoria; Geological 
Survey of Queensland; Geological Survey of Western Australia. 
 
The offshore portion of the grid is derived from data in Geoscience Australia database  
GA-Mardat which has over 900 surveys acquired since 1963 by GA and foreign 
institutions. GA gratefully acknowledges the contribution of marine data and assistance by 
the following organisations: Bundesanstalt fur Geowissenschaften und Rohstoffe; Dept. 
Science, Industry and Resources (NZ); Geoscience Australia; Institut Francais de 
Recherche pour l'Exploitation de la Mer; Institut Francais pour la Recherche et la 
Technologie Polaires; Lamont Doherty Geophysical Observatory; Mobil Corporation; 
Division of National Mapping (Australia); National Geophysical Data Centre (USA); 
National Oceanic and Atmospheric Administration; Institut de Recherche pour le 
Developpement; Scripps Institution of Oceanography, U California; School of Ocean and 
Earth Science & Technology; South Pacific Applied Geoscience Commission; Texas A & 
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M University; Institute of Oceanographic Sciences, UK; United States Geological Survey; 
US Navy; Woods Hole Oceanographic Institute 
Data quality: positional accuracy 
The grid incorporates data from surveys acquired since 1963. Modern surveys which used 
GPS have a positional accuracy of 5 - 30 m depending on several factors, while earlier 
surveys which used dead reckoning and Transit satellite fixes had positions accurate to 50 
- 2000 m depending upon the water depth and strength of currents. These surveys overlap 
in an irregular distribution. The grid cell size is 0.01 deg (close to 1 km), and it is estimated 
that 90% of cells give values within 1 cell of their measured position. 
Data quality: attribute accuracy 
The ship-track data have been levelled to reduce crossover errors, but this process has 
introduced a shift in the measured values. The mean absolute difference between levelled 
and unlevelled values is about 9 nT in the NW sector, 13 nT in the SW sector and 50 nT in 
the eastern sector. The overall mean absolute difference for all levelled data is 30 nT. 
Data quality: logical consistency 
The marine magnetic anomaly grid models data from surveys acquired since 1963, and as 
a consequence there are a variety of systems and methods used in the collection and 
processing of data. These surveys overlap in an irregular distribution of lines, and the 
values recorded in the principal facts databases are not necessarily unique at intersection 
points. The ship-track data were therefore put through a levelling process where the 
observed values were adjusted to minimise crossover errors. The horizontal position of 
points was not adjusted. The levelling has reduced but not eliminated the cross-over errors 
and artefacts due to these errors are still evident in the grid.  
 
Other artefacts occur in sparse data areas where ship-track 'trails' occur due to  
the high along-line resolution and the grid cell size being too small. The gridding  
algorithm attempts to deal with this using a multi-pass method which uses a coarse  
cell size on the first pass.  
 
All areas in the vicinity of line intersections and along solitary tracks should  
be interpreted with caution. The grid is accompanied by data distribution information,  
which should be used in conjunction with the magnetic anomaly grid, especially when  
assessing the reliability of small-scale features. 
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Data quality: completeness 
All of the data were acquired during the last century. The GA magnetic anomaly database 
and derived grids will be updated as new surveys are completed, older surveys are 
obtained from archival sources, or improved methods are devised for merging datasets of 
disparate vintages. Refer to the data distribution grid included with this product for an 
assessment of completeness of coverage. 
Contact Information: 
Organisation:  Geoscience Australia 
Contact position:  Manager, Information Management Branch 
 
Mail address: GPO Box 378 
Canberra City 
ACT, 2601 
Australia 
Telephone:   02 6249 9496 
Facsimile:  02 6249 9984 
Email:   ian.odonnell@ga.gov.au 
Metadata date  
22/01/2002 
Additional metadata  
Please refer to the grid and associated files as: 
Petkovic, P. & Milligan, P. 2002. Magnetic anomaly grid of the Australian region, 3.1. 
[CDROM]. Canberra: Geoscience Australia. 
 
or, if downloaded via internet: 
Petkovic, P. & Milligan, P. 2002. Magnetic anomaly grid of the Australian region, 3.1. 
[Digital Dataset]. Canberra: Geoscience Australia. 
http://www.ga.gov.au/general/technotes/20011023_32.jsp (date_downloaded). 
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B.2 Australian National Gravity Database 0.5 Minute Onshore Gravity Grid 
Wynne, P. (2009) 
 
Grid description 
The 2009 gravity grid over Continental Australia is derived from onshore observations 
recorded at approximately 1.4 million gravity stations held in the Australian National 
Gravity Database (ANGD) by Geoscience Australia (GA). The onshore data were acquired 
by the Commonwealth, State and Territory Governments, the mining and exploration 
industry, universities and research organisations from the 1950s to the present day. 
Continental Australia has a basic station spacing coverage of 11 kilometres, with South 
Australia, Tasmania and part of New South Wales covered at a spacing of 7 kilometres. 
Victoria has station coverage of approximately 1.5 kilometres. Recent Federal, State and 
Territory Government initiatives have funded systematic infill at a grid station spacing of 2, 
2.5 or 4 kilometres to provide improved coverage in areas of scientific or economic 
interest. Other areas of detailed coverage have been surveyed by private companies for 
exploration purposes.  
 
Over the continental region only open file data as held in the ANGD at May 2009 were 
used in the creation of the grid.  
 
The data values contained in the grid are Spherical Cap Bouguer gravity anomalies over 
Continental Australia. The onshore Spherical Cap Bouguer gravity anomalies were 
calculated using a density of 2.67 tm-3. These data were gridded using a variable density 
gridding technique provided by the INTREPID Geophysics software package. The data 
were gridded to a cell size of 0.5 minutes of arc = 0.00833333º (approximately 800m) for 
the geodetic grid and to a cell size of 800m for the Lambert Conformal Conic Projection 
grid.  
Geodetic grid parameters  
Grid spacing:  0.5 minute = 0.0083333 degree (approximately 800 m)  
Projection:  Rectangular in latitude and longitude  
Datum:   GDA94  
Grid size:  4206 rows x 4934 columns  
Grid origin:  8:56:55.0014º South, 112:52:56.001º East (0,0)  
Scaling:  Nil. Values are in decimal units (μms-2)  
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Null value:  -99999.00  
Data accuracy: 5 μms-2, maximum error 100 μms-2
 
onshore  
Data precision:  1 μms-2 
Lambert Conformal Conic Projection parameters  
Grid spacing:  800 m  
Projection:  Lambert Conformal Conic Projection, Easting and Northing  
Datum:  GDA94  
Grid size:  4850 rows x 4990 columns  
Grid origin:  -2088400 (Easting), -1087600 (Northing); (0,0)  
Scaling:  Nil. Values are in decimal units (μms-2)  
Null value:  -99999.00  
Data accuracy: 5 μms-2, maximum error 100 μms-2 onshore  
Data precision: 1 μms-2  
Data format 
Digital grid – IEEE 4ByteReal binary raster (suitable for ER Mapper), Geodetic projection, 
GRS80 Spheroid, GDA94 Datum. 
Gravity datum 
The gravity data as supplied are based on the Australian Absolute Gravity Datum 
(AAGD07) (Tracey et al. 2007). The gravity unit used is micrometres per second squared 
(μms-2) which is equivalent to 0.1 milligals (mGal). 
Data quality: positional accuracy  
Highly variable depending on the age of the individual surveys that comprise the grid. Prior 
to 1995 (approximately), data were collected using various techniques to determine 
position, such as manually scaling from base maps (100's m error), digitising from base 
maps derived from air photo station plots (100's m error), and using optical surveying 
methods (metre accuracy). More recent surveys were acquired using differential GPS with 
sub metre accuracy.  
 
Vertical accuracy is highly variable too, depending on the age of the survey. Prior to the 
use of differential GPS station heights were determined by picking elevations from a 
topographic map (10's metre error), using barometric techniques (metre errors) and optical 
surveying techniques (sub metre accuracy). Differential GPS gives centimetre accuracy.  
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Data quality: attribute accuracy  
Highly variable depending on the age of the individual surveys that were used to produce 
this grid. Modern surveys use LaCoste and Romberg or Scintrex gravity meters with an 
accuracy of 0.01 μms-2.  
Earlier surveys used older style quartz spring meters which have a lower accuracy 
(approximately 1.0 μms-2).  
Gravity data errors 
Most of the gross errors have been removed from the database. However, errors may still 
be present in the data. If you find grid values you believe are in error, please FAX or e-mail 
the details to the database administrator (see below).  
The Gravity Database Administrator:  
Phillip Wynne, 
Continental Geophysics Project,  
Geoscience Australia  
Phone:  02 6249 9463  
Fax:   02 6249 9913  
Email:  phill.wynne@ga.gov.au  
 
June 2009  
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Abstract 
The contribution investigates the relationship between in situ stress regimes, natural fracture systems and the propagation of 
induced hydraulic fractures in APLNG’s (Australia Pacific Liquid Natural Gas) acreage within the Jurassic to Cretaceous 
Surat Basin in southeast Queensland.  On a regional scale the data suggest that large basement fault systems have significant 
influence on the lateral and vertical interplay between geomechanical components which ultimately control permeability 
distribution in the area.  At a local scale we show several case studies of significant in-situ stress variations (changes in 
tectonic regime from reverse to strike-slip, changes in horizontal stress orientation as well as changes in differential 
horizontal stress magnitude) which are identified from wireline image log interpretations and geomechanical models 
constructed from wireline sonic and density data. These variations are reflected in hydraulic fracture propagation, which is 
monitored through microseismic monitoring, tiltmeter monitoring.  Reverse stress regimes result in the propagation of 
horizontal fractures; in areas of higher differential stress linear hydraulic fracture orientations are common, whereas in 
regions of lower differential stress the orientation of hydraulic fractures appears influenced by both stress and pre-existing 
fractures. The paper is relevant for fracture simulation in areas with complex in-situ stress regimes. The major technical 
contribution of the study is the use of geomechanical modelling for predicting hydraulic fracture propagation styles. 
 
Introduction 
Coal seam gas production depends on effective connectivity of the coal-specific (reservoir) permeability and the wellbore. 
This permeability connectivity between coal matrix and wellbore is provided via natural coal fractures and/or coal cleats.  In 
the Walloons coals permeability is dominated by natural, tectonic fractures which can be identified on image logs. Cleat 
orientations and density (which may be observed in drill core, but not in image logs) follow broadly the orientation of natural 
fractures. Our analyses of the permeability system are based on the interpretation of natural fractures in coals from image 
logs.   
Hydraulic fracture stimulation is used to improve coal connectivity and/or permeability where natural fractures provide 
insufficient permeability-connectivity between coals and wellbore. Hydraulic fracture propagation is critically influenced by 
the interaction of pre-existing rock-anisotropies (fractures) and the local stress regime (Barton et al. 1995, Zoback 2007).  
The propagation of hydraulic fractures is further modulated by rock specific parameters such as Young’s modulus and 
Poisson’s ratio. In the Surat basin both coals and interseam clastics show significant overlap in both Young’s modulus and 
Poisson’s Ratio, resulting in limited mechanical separation between coals and interseam. Poisson’s Ratio ranges from 0.2  to 
0.43 with significant overlap between coals and interseam rocks. Youngs Modulus ranges from 0.5 to 5 GPa . We present 5 
case studies examining the influence of stress regimes and pre-existing rock fabric on hydraulic fracture propagation.  The 
following datasets are presented for each case: 
 1D Stress Profile (calibrated) 
o Changes in stress geometry with depth 
o Magnitude of differential stress 
 Azimuth of maximum horizontal stress  (SHmax) 
 Natural fracture geometry (from image logs) 
 Tiltmeter data (available for 2 wells) 
 Plan-view microseismic response during hydraulic fracture stimulation  
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Permeabilities range from 2 mD to 50 mD in the case examples given.  
 
Geological Background 
The Jurassic age Surat Basin of SE Queensland (see Figure 1) formed as part of an extensive intracontinental sag basin, Cook 
and Draper 2013). Surat basin sediments are dominated by siltstones and mudstones with minor sandstones all of which were 
deposited in a fluvio-lacustrine depositional environment. All clastic lithologies are affected by volcanic activity, the origin 
of which is poorly understood contain significant volcanic components resulting in low porosity and permeability. The Surat 
basin contains multiple coal seams (on average 60) with an average thickness of 0.4m. These coal seams form the Walloons 
fairway (Figure 1). The Surat basin sequence is generally subdivided into 3 major packages (Scott et al, 2004), with varying 
nomenclature used by different operators;  the subdivision adapted here is  presented  in Figure 2: Upper and lower Juandah 
Coal Measure, Lower Juandah coal measures, and Taroom coal measures.  
Structuring in the Surat Basin is subtle and reflects the more intense deformation of the underlying reactivated 
inversion structures in the Permian Bowen Basin (Figure 1), which are attributed to multiple episodes of Triassic tectonic 
contraction  (Korsch 2004, Korsch et al. 2009, Murray 1997). The permeability distribution in the Walloons Fairway closely 
follows underlying Triassic structural trends.  Triassic structural highs set up gentle, low amplitude structural highs in the 
Surat basin which are characterized by exceptional permeabilities ranging from hundreds of milli-Darcies (mD) to multi-
Darcies. High permeability regions are characterised by coals with multiple fracture orientations readily identifiable on image 
logs (ie. no preferred fracture orientation) see Figure 3.  
Conversely, in areas with poor permeability coals fracture orientations are predominantly unidirectional (ie. strongly 
preferred, see Figure 3).  
The different fracture geometries lead to strongly contrasting permeabilities in coals and may be explained by the mode of 
drape of the Walloons sequence over the underlying Triassic structures.  Dome-like drape over structural highs or ‘noses’ 
(Auburn High in Figure 1; also referred to as ‘Undulla Nose’) leads to high Gaussian curvature which in turn results in 
multiple fracture orientations (eg. Lisle 1994). e typical for regions with high permeability. The unidirectional single fracture 
orientation conversely appears to be the result of ‘hinge-like’ movement on a monoclonal flexure, which is predominant 
where the Walloons fairway overlies major ‘troughs’ of the Bowen Basin. (see Figures 1, 3).     
 
Stress characterisation 
This paper focuses on low permeability coals; specifically we examine the interaction between the unidirectional natural 
fracture system, and hydraulic fracture stimulations.  Given that the coal fracture habitat is uniform, stresses become a key 
variable influencing the hydraulic fracture stimulations.  The interaction of the stress tensor properties with pre-existing coal 
fractures determines which fractures are ‘critically’ stressed and hence more likely permeable (Barton et al, 1995, see review 
in Zoback 2007).  Rahman and Khaksar (2007) raise the spectre of complex hydraulic fracture propagation and potential 
stimulation failures in complex in-situ stress environment, particularly in reverse stress regimes. 
Image log data from 30 wells (Figure 5, see also Brooke-Barnett et al. 2012) were interpreted to identify stress indicators 
(Bell 1996, Bell and Gough 1992). These data were interpreted using Advanced Logic Technology’s WellCAD software 
suite. Image datasets were assessed for the presence of borehole breakout and drilling induced tensile failure in order to 
identify minimum and maximum horizontal stress orientation and calibrate the elastic stress profiles. The overall depth 
coverage of stress indicators within an image log was also used as a proxy for the magnitude of differential stress.  
A series of one dimensional stress profiles were generated across the Surat Basin. The models define the three principal 
stresses with depth for wells containing the necessary wireline log data; bulk density, compressional sonic, shear sonic and 
gamma ray. The vertical stress magnitude was derived by integrating the density log and extrapolating the trend to surface. 
Poisson’s Ratio and Young’s Modulus measurements were calculated using sonic and density wireline data, and a dynamic to 
static conversion relationship was derived regionally from rock mechanics laboratory measurements. Pore pressure was 
calculated based on a fresh water hydrostatic gradient of 0.433 psi/ft, which is commonly observed in undepleted coal 
reservoirs . Minimum and maximum horizontal stresses were calculated using poro-elastic stress equations (eg. Zoback 2007, 
Brooke-Barnett et al. 2012), which incorporate static Poisson’s Ratio, vertical stress, pore pressure, static Young’s Modulus, 
a Biot’s constant equal to 1 and tectonic strain in the minimum (εmin) and maximum (εmax) horizontal stress directions. 
Nominal values of εmax = 0.0009 and εmin = 0.0003 were used for initial calculations before calibration (Brooke-Barnett et 
al. 2012). 
Initial calibration of the stress profiles was undertaken using the stress polygon method. This method uses incidences of 
borehole failure (breakout and drilling induced tensile failure) in order to estimate the stress conditions required to induce 
failure within the rock, using the frictional limit and compressional and tensional strength of the rock at the point of failure 
occurrence. Unconfined compressive rock strength was defined based on empirical relationships listed in Chang et al. (2006). 
The equation defined by McNally (1987) based on data from the Bowen Basin, was used for sandstones. A global empirical 
relationship, was used for shales (Zoback 2007). Tensional rock strength was assumed to be zero for all rock types. 
Geomechanics International’s SFIB software package was used to define constraining polygons for the maximum and 
minimum horizontal stresses. These polygons were then used to constrain the elastically derived stress logs.  
Where available, fracture closure pressures derived from pressure data such as DFITs, MDT minifracs and pre-injection 
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minifracs tests were also used to constrain the minimum principal stress (Baree et al. 2007, 2009, Lin 2008).  
These comparisons indicated that the frictional equilibrium technique adequately captures the stress controlling 
mechanism where sufficient wellbore failure indicators exist. In areas of low differential stress, however, there is usually no 
manifestation of near wellbore failure and one dimensional stress profiles have to be calibrated by pressure tests with 
monitored pressure falloff (Leak-off tests,  DFITs, step-rate tests etc.). 
 
Variation of stress geometry with depth 
Overburden stress in the Surat basin remains constant at close to ~1psi/ft.  However, most wells analyzed display 
characteristic transitions in stress regimes (following the classification of Anderson, 1951) with depth. At depths shallower 
than around 400-500m the stress geometry is characterized by a reverse stress (RS) regime (Sv<Shmin<SHmax; where 
sv=vertical stress, shmin= minimum horizontal stress; SHmax=maximum horizontal stress), deeper than 400-500m the stress 
geometry is typically of strike-slip (SS) stress regime (Shmin<Sv<SHmax). In some areas a second transition from strike slip 
to a normal stress (NS) regime (Shmin<SHmax<SV) can occur around 650-800m (see figure 4). 
Stress transitions are of primary practical importance: away from the wellbore hydraulic fractures open against the 
regional minimum principal stress. Consequently hydraulic fractures are expected to be vertical in both strike-slip and normal 
stress regimes; however, in a reverse stress regime fracture opening is expected to be horizontal and would lead to a 
horizontal hydraulic fracture. Occurrence of horizontal fracturing at shallow dept is corroborated by tilt-meter data which 
show a predominance of horizontal fracturing (even up to 100%) at shallow depths and predominance of vertical fracture 
components at depths greater than 400-500m (see tables 1, 2). At the transition between reverse and strike-slip regimes 
several operators have historically experienced casing integrity issues during fracture stimulation (Johnson et al. 2010, Origin 
internal data; see also Johnson et al. 2002). One incidence of casing damage occurred at ~430m in the Dalwogan area (DW 
14) associated with a water frac-stimulation in 2010.  
Hydraulic fractures which propagate predominantly horizontally may eventually cause casing failure (eg. Johnson et al. 
2002) if stimulated by a low viscosity fluid at high rate/pressure. Based on results of initial fracture stimulations it was 
decided to fracture stimulate targets below the RS‐SS transition zone at rates and frac-gradients appropriate to avoid any frac 
induced damage. This effort was successful and subsequently no casing shear issues have been observed, regardless of 
stimulation fluid. In particular in the southern part of the Surat basin the reverse stress regime can extend to greater depths  
 
Stress directions 
Figure 5  displays stress orientation data for interpreted wells (see also Brooke-Barnett et al, 2012), overlain over a 
SEEBASE map, developed by FrOG Tech, the map surface represents a best-estimate of basement structure derived from 
multiple inputs. SHmax orientations were determined from either borehole breakout and/or DITF (drilling induced tensile 
fracture analyses, which are standard practices to determine SHMax (Bell, 1996; Bell & Gough 1982). The image log 
analysis suggests an area of low stress indicator coverage in the Walloons sediments overlying the Taroom Trough. This area 
also corresponds with a consistent, approximately east-southeast/west-northwest maximum horizontal stress direction. On the 
western edge of the Taroom Trough, the coverage of stress indicators increases by two orders of magnitude, which 
corresponds to the gradual shallowing of basement to the west as the Bowen Basin sediments overlap the Lachlan and 
Thompson Orogen basement (Figure 1). Stress indicator coverage also increases on the eastern margin of the Taroom Trough 
with proximity to the Leichhardt and Burunga Faults. This increase is accompanied by a maximum horizontal stress rotation 
to the north along the major faults. East of the Taroom Trough, on the hanging wall of the Leichhardt and Burunga fault 
(LBF) systems, coverage of stress indicators is less than five percent, and the maximum horizontal stress orientation is 
approximately northeast-southwest, with some local variations. In essence the variability of stress orientations appears 
broadly influenced by the underlying Permian basement structure. Abrupt deviations from overall trends are particularly 
evident along major buried Permian fault lines eg around Dalwogan where the SHmax azimuth swings from a WNW 
orientation to a NNE orientation east of the LBF fault system (Figure 5). 
 
Horizontal Differential stress 
There is appreciable variability in the relative magnitude of horizontal stresses. Differences in stress magnitude between 
Shmin and SHmax (horizontal differential stress) can vary significantly from < 300psi (2Mpa) to 1500 psi (10.1MPa). The 
majority of the tight Walloons coals occur where the Surat Basin overlies the Taroom Trough (see Figures 1, 5). The majority 
of tight coals are characterized by relatively low differential stress magnitudes. One notable exception is the Dalwogan area, 
where high differential stresses were encountered. It is noteworthy that high differential stresses dominate throughout the 
Bowen Basin to the north of the Walloons fairway (see Brooke-Barnett et al. 2012). In the Bowen Basin differential stresses 
tend to increase with depth.  
 
Case Examples 
The results presented here are part of a 41 well frac program that was conducted in the Walloons Fairway. The frac fluid in 
all wells presented here was cross-linked fluid for the main treatment. Case studies are presented in order of decreasing 
horizontal differential stress. Microseismic monitoring was in a single observation well with arrays of up to 14 downhole 
geophones. The distance between observation well and treatment well is 100-350m 
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Dalwogan Region 
Coal fractures in the Dalwogan (DW) area are characterized by a unidirectional fracture system, which was found to be 
consistent in all wells. The strike of the unidirectional coal fracture system is NW-SE. The Dalwogan area is characterized by 
high differential stress, this is evident on image logs which show borehole breakout over significant vertical intervals. After 
the fracture stimulation campaign the microseismic monitoring well (Dalwogan 12) was used for multi stage closure pressure 
testing using DFITs, which allows a  detailed stress calibration of the 1D Stress profiles (see figure 6). Differential stresses 
between Shmin and SHmax in the Dalwogan area range from 1000 psi (7MPa) to 1500 psi (10.1 MPa). In some of the 
Dalwogan region the stress geometry transitions from reverse to strike-slip regime is very pronounced eg. DW 14, 100m 
north of DW 12. The DW 16 well (100m south of DW 12) shows the reveres-strike-slip stress geometry transition around 
430m, where Shmin is marginally greater that Sv. This transition is reflected in tiltmeter data which suggest horizontal 
components of hydraulic fracture propagation for the gel frac at DW 16, the horizontal component is significantly more 
pronounced in the water frac of DW 14 (see tables 1, 2).  Fracture stimulations at Dalwogan 16 were the first hydraulic 
fracture treatments in the low permeability Walloons and were pumped at relatively high rates between 33bbls/min - 38 
bbls/min per stage (see table 3). 
Microseismic events show a strong linear alignment with the SHmax orientation which was independently obtained from 
image logs and tiltmeter data. Based on the microseismic signals the half-length of the hydraulic fracture is ~100m. Only a 
minority of events potentially follow the azimuth of coal fracture orientations. Height growth was found to be arrested by 
layers with rheologic contrast in Youngs Modulus and/or Poissons Ratio. Height growth arrest at layers with contrasting 
rheology becomes increasingly effective with increasing distance from perforations. Clearly there is very little influence of 
the coal fracture system on the hydraulic fracture geometry. 
 
Woleebee East Region 
The Woleebee East Region has relatively high differential stresses 1000psi (7MPa)-1200psi (8Mpa, Figure 7). The 
1DStress profile was generated for Woleebee East 5 well, as for Woleebee East 3 no dipole-sonic data are available. In 
Woleebee East 3 well SHmax (ENE –WSW, N75E) and the dominant coal fracture orientation (N85E, ~E-W) form a 
relatively acute angular relationship. Coal fractures in the Woleebee East region shows a wider spread of fracture 
orientations, with a prominent NW – SE trending fracture sub-set. Fracture stimulations at Woleebee East were pumped at 
significantly lower rates (on average around 18bbls/min, (see table 3) compared with the rates at Dalwogan. The 1Dstresss 
profile for the Woleebee region shows a very clear transition from a reverse stress regime above 450m to a strike-slip stress 
regime below 450m. This transition is also reflected in tiltmeter data, which show 100% horizontal movement component for 
frac stages at depth shallower than 450m. Pump rates and treating pressures had been adjusted (see Table 3) to avoid casing 
damage at shallower treatment depths. The distribution of microseismic events at Woleebee East is variably distributed and 
there is some alignment of microseismic events with SHmax, but microseismic events also appear to follow the dominant 
coal fracture orientation(s).  
 
Lucky Gully Region 
The Lucky Gully region is characterised by intermediate differential stresses between 600psi (4MPa) and 750psi (5MPa, 
Figure 8). The azimuth of SHmax and the main coal fracture orientation are more or less aligned, both trend WNW-ESE 
(N60W). However coal fracture analysis from image logs indicates the presence of a pronounced fracture sub-set which 
trends WSW – ENE (N80E, see Figure 8). The 1D Stress profile shows a possible transition from reverse to strike slip stress 
regime below 400m (Figure 8). All fracture treatments were at depth with a dominant strike-slip stress regime. Pump rates 
vary from 16bbls/min to 35bbls/min (Table 3). Despite the good alignment of SHmax azimuth and the predominant coal 
fracture trend, the microseismic data show only poor alignment with the SHmax azimuth and/or the dominant fracture 
orientation.  Overall microseismic events form a more or less broad cluster with little preferred orientation; the dominant 
alignment of microseismic events appears with the secondary fracture WSW-ENE fracture trend (see Figure 8), the latter 
forms an angle of about 30
o 
with the SHmax orientation. 
 
Gilbert Gully Region 
The Gilbert Gully Region is characterized by low differential stresses, generally < 500psi (<3MPa, Figure 9). There is 
reasonable alignment of the azimuth of SHmax and the dominant fracture orientation (NNE-SSW; N20E); albeit there are a 
number of subsidiary coal fracture orientations present in coal (see Figure 9). Treating pressures and rates are relatively high 
(24-36bbls/min, see table 6), however, there is very poor alignment of microseismic events with either preferred fracture 
orientation or the Shmax azimuth. At best the microseismic data suggest stimulation of a large rock volume, without 
preferred orientation, which is very similar to some of the microseismic responses observed in stimulation treatment with 
water. 
 
 
 
 
 
SPE SPE-167064-MS  5 
WaarWaar Region 
The Waar Waar region displays the lowest differential stresses of all case studies <300psi (<2MPa); low horizontal 
differential stresses are indicated by absence of breakout and/or DITFs. Interestingly the uncalibrated stress profiles in the 
WaarWaar area indicated a likelyhood of a reverse component to greater depths, which was validated by fracture closure 
analyses during DFIT testing on WaarWaar 16J well (Figure 10). Where reverse stress geometries predominate, closure 
pressures frequently show apparent frac gradients near or even in excess of 1psi/ft.  This possibly indicates  fracture closure 
complexity associated with the horizontal hydraulic fracture. Throughout WaarWaar 16J well the stress regime is at the cusp 
between reverse and strike-slip stress geometry. Unfortunately the deployed microseismic array recorded no seismic events 
during the stimulation of WaarWaar wells. 
 
Discussion and Conclusions 
Microseismic monitoring was found to be an in-principal useful tool to evaluate the overall hydraulic fracture geometry in 
coal seam gas stimulations (see also Johnson et al. 2010). Microseismic data have to be viewed in context of their inherent 
(vertical) location uncertainty. Microseismic events reflect a rock response to pressure associated with fracture stimulation; in 
particular distant microseismic events may, however, not necessarily reflect connected fluid associated with the fracture 
stimulation. 
Clearly the microseismic response of the fracture stimulation at Dalwogan 16 follows almost exclusively the orientation 
of the maximum horizontal stress, SHmax, of about N15E (NNE-SSW).  The linear array of microseismic events following  
SH(max) is not surprising given that the Dalwogan area is characterised by high horizontal differential stresses, thus 
providing a strong guide for the propagation of the hydraulic fracture. Interestingly the propagation direction of the hydraulic 
fracture appears little influenced by pre-existing fractures. 
The Gilbert Gully region provides an interesting comparison to the Dalwogan area: stimulation parameters are similar 
(high rates, high treating pressures, high ISIP) to those at Dalwogan, however, differential stresses are much lower in the 
Gilbert Gully area and natural fracture distribution shows somewhat greater directional variability. The microseismic 
response during fracture stimulation in the Gilbert Gully shows much greater areal spread; microseismic events are not 
clearly aligned with either SHmax or the dominant natural fracture orientation. Microseismic events may rather be interpreted 
to  ‘inflate’ the  formation almost similar to water fracs in high differential stress environments (eg. Dalwogan region). 
The key difference between the Gilbert Gully and Dalwogan regions is the magnitude of horizontal differential stresses – 
high differential stresses appear to foster a straight alignment of microseismic events following the SHmax azimuth. In 
contrast microseismic events related to stimulations in regions with low differential stresses appear to lead to stimulation of a 
large volume, potentially following pre-existing anisotropies (fractures).   
Both Woleebee and Lucky Gully regions are characterized by ‘intermediate’ differential stresses and the microseismic  
responses can be interpreted as hybrid between the high stress contrast at Dalwogan and the low contrast at Gilbert Gully.  
Interestingly the Lucky Gully treatments were pumped at elevated rates and higher treating pressures, which may cause the 
tighter alignment of microseismic events. However, the alignment of events is not as clear as in a high differential stress 
environment. Woleebee 3 is similarly in an ‘intermediate’ differential stress environment, but treatments were pumped at 
significantly lower rates and pressures, again resulting in a wider distribution, less linear array of microseismic events. 
Interestingly the treatment in the WaarWaar region did not yield any microseismic response. 1D Stress Profiles for this 
region predict dominance of reverse stress geometry and very low differential stress in the region. One could speculate that 
microseismic events stayed contained in coals and/or that the low differential stress led to very few microseismic events as a 
reverse regime would promote horizontal hydraulic fracture propagation and inhibit height growth; Coals are low seismic 
emitters. From the results presented some common trends may be concluded (see Figure 11): 
Establishing calibrated 1Dstress profiles prior to executing hydraulic fracture stimulation programs proves very useful;  
predictions of stress geometry transitions (particularly from reverse to strike-slip) are validated by independent datasets and 
allow modification of pump parameters and fracture fluid choice to avoid casing damage due to horizontal hydraulic fracture 
propagation. Calibration of 1Dstress profiles with dedicated, independent datasets (failure modes observed from image logs, 
fracture closure pressures from DFITS, leakoff tests etc.) is essential.  
Comparing microseismic responses and established stress state suggests that the magnitude of horizontal differential 
stresses and pump rates are key influences on the achieved hydraulic fracture geometry in coal stimulations using cross 
linked gel as fracture fluid. High differential stresses and high pump rates result in a dominantly linear hydraulic fracture, 
which follows SHmax, regardless of pre-existing coal fabrics (fractures). Decreasing differential stresses result in 
diminishing preferred orientation of the hydraulic fracture, in regions with intermediate differential stress magnitude 
hydraulic fractures may follow a more linear trend at higher pump rates. At lower pump rates in intermediate differential 
stress regions hydraulic fracture orientation becomes more diffuse and may follow both stress and pre-existing fractures, 
resulting in complex hydraulic fracture geometries. In low differential stress environments hydraulic fractures appear to be 
guided by pre-existing rock fabics, even at high pump rates.  
Fracture stimulation designs and expectations of potentially stimulated rock volume should take tinto consideration the 
interplay between and variability of pre-existing fracture sets and stress geometries as well as stress magnitudes. 
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Fig. 1: Location map showing Walloons Fairway, exploration - production permits and key wells; color-ramp 
shows depth of top-basement estimated from SeeBase mapping, key structural elements labelled in white 
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Stage Perf. Intvl. (m) Azimuth Dip 
Vertical 
Component 
Horizontal 
Component 
5 347 - 355 N/A 100% 
4 401 - 432 N/A 100% 
3 485 - 491 N59°E  ±2° 73° ±4° down NW 71% 29% 
2 576 - 579 N58°E  ±3° 76° ±5° down NW 68% 32% 
1 629 - 646 N64°E  ±2° 76° ±7° down NW 70% 30% 
Table 1: Woleebee East 3: Tiltmeter data, note 100% horizontal component shallow depths 
 
Stage Perf. Intvl. (m) Azimuth Dip 
Vertical 
Component 
Horizontal 
Component 
7 413 - 441 N17º E  ± 2º 86º ±2º down NW 86% 14% 
6 452 - 474 N23º E  ± 2º 68º ±4º down NW 65% 35% 
5 555 - 575 N13º E  ± 2º 85º ±2º down NW 85% 15% 
4 608 - 624 N18º E  ± 2º 77º ±4º down NW 69% 31% 
3 683 - 690 N11º E  ± 2º 81º ±2º down SE 83% 17% 
2 709 - 716 N14º E  ± 2º 86º ±2º down NW 77% 23% 
1 748 - 750 N20º E  ± 2º 78º ±4º down NW 63% 37% 
Table 2a: Dalwogan 16 (x-linked gel frac): Tiltmeter data, note horizontal component shallow depths 
 
Stage Perf. Intvl. (m) Azimuth Dip 
Vertical 
Component 
Horizontal 
Component 
7 416 - 417 N34º E  ± 2º 61º ±5º down NW 30% 70% 
6 433 - 455 N38º E  ± 2º 70º ±4º down NW 30% 70% 
5 492 - 498 N42º E  ± 2º 63º ±2º down NW 41% 59% 
4 563 - 565 N21º E  ± 2º 70º ±2º down NW 47% 53% 
3 679 - 687 N17º E  ± 2º 77º ±3º down SE 73% 27% 
2b 707 - 713 N22º E  ± 2º 71º ±2º down NW 42% 58% 
2a 707 - 713 N24º E ± 2º 78º ±2º down NW 57% 43% 
1 734 - 755 N34º E  ± 2º 71º ±2º down NW 38% 62% 
Table 2b: Dalwogan 14 (water frac): Tiltmeter data note horizontal component at shallow depths 
 
 
Fig. 2:  Stratigraphic column, Surat basin 
(after Scott et al. 2004) 
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Fig. 3: Comparison of low permeability (left column) and high permeability regions (right column); top: 
image log showing single fracture set and multiple fracture sets; structural environment, ramp and Gaussian 
curvature, sketch of resulting fracture set and rose diagram of fracture habitat 
10  SPE SPE-167064-MS 
 
Well: Dalwogan 16/Stage 1 2 3 4 5 6 7 
Treating Pressure. (av.) 2037 2568 2172 2985 1355 1656 1896 
Slurry Rate (bbls/min) 38.5 35.76 34.4 33.6 33.4 35.2 35.1 
ISIP BH  (psi) 2355 2010 2024 2015 1576 1715 1475 
Depth  (m) 748-757 709-716 683-690 608-623 555-574 452-474 413-440 
Well: Woleebee East 3   
Treating Pressure. (av.) 1015 1313 893 1189 1500     
Av. Slurry Rate (bbls/min) 18.76 19.06 18.65 18.83 18.75     
ISIP BH  (psi) 1743 1698 1539 1309 1316     
Depth  (m) 622-648 575-578 485-491 400-432 347-355     
Well: Lucky Gully 9 
Treating Pressure. (av.) 4256 1461 4411 2156 1847 1722   
Av. Slurry Rate (bbls/min) 19.2 35.8 33.4 23.7 16.6 21.2   
ISIP BH  (psi) 5400 2238 n/a 1885 1807 1761   
Depth  (m) 988-1003 964-982 809-823 740-772 693-698 673-684   
Well: Gilbert Gully 18 
Treating Pressure. (av.) 3604 1722 2327 2236 2563     
Av. Slurry Rate (bbls/min) 36.2 35.4 24.2 32.6 27     
ISIP BH  (psi) n/a 2669 2304 2359 2225     
Depth  (m) 808-810 775-786 622-648 638-651 572-577     
Well: WaarWaar / Stage 
Treating Pressure. (av.) 1611 1432 1665         
Av. Slurry Rate (bbls/min) 19.8 19.5 20.4         
ISIP BH  (psi) 2038 1771 1662         
Depth  (m) 560-608 464-512 430-441         
 
 
 
 
 
 
Fig. 4: Andersonian classification of stress 
regimes (schematic), principal stress states in 1D 
Stress Profile: Red line: Sv, blue line: Shmin, 
stippled line: SHmax, Reverse Stress geometry: 
red fill, Strike-Slip stress geometry: grey fill and 
Normal Stress geometry: green fill 
Table 3: Facture stimulation data 
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Fig. 5: SHmax orientations in Walloons Fairway indicated by orientation of colored bars, color-coding reflects stress-
indicator coverage (bar on right) 
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Fig. 6a: Dalwogan 12 1D Stress Profile, blue and red lines 
denote stresses derived from stress-polygon method, PP: 
Pore-Pressure, MP Mud-Pressure, green squares: Shmin 
calibration points from DFIT tests (clastics only) 
Fig. 6b: Dalwogan 16 microseismic events, all stages, 
Rose diagram shows coal fracture orientation 
Fig. 7a: Woleebee East 3 1D Stress Profile Fig. 7b: Woleebee East 3  microseismic events, all stages, Rose diagram 
shows coal fracture orientation 
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Fig. 8a: Lucky Gully 9, 1D Stress Profile 
Fig. 8b: Lucky Gully 9 Miccroseismic events, all stages, Rose 
diagram shows coal fracture orientation 
Fig. 9a: Gilbert Gully 18, 1D Stress Profile Fig. 9b: Gilbert Gully 18 Miccroseismic events, all stages, Rose diagram 
shows coal fracture orientation 
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Fig. 10: WaarWaar 16J, 1D Stress Profile 
Fig. 11: Schematic microseismic responses to stress fracture interaction under different pump rates 
